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I E inſtrument here treated 
of i is ſo extenſive in its uſe, 


#1 TM = ſo ealy to manage, that one 
Hy 2 cannot but wonder it is not yet 
4 3 17 5 become more common. The ſeamen 
+ indeed have at laſt adopted it, and, 


dropping their old Davis's q zadrants, _ 
| uſe this only for finding their La- 
tude; 5 ſo that it has now got the 
| name of the Sea- quadrant. T he 
application of chis inſtrument to the 
taking diſtances of the moon from 
; the ſun and ſtars, i in order to find the 
| Longitude 


Fo. PREFACE. 


= Longitude at ſea, begins likewiſc to 
- be underſtood and practiſed ; al buſineſs 

in which no other quadrant can. be of , 

the leaſt ſervice. But beſides ſeamen, 


| who are indeed obliged to obſerve the 


heavens, there are many other perſons -— 


who would amuſe themſelves with 
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by ae oY i i is indeed its peculiar excel- 
ence i Nihat it requires no ſteadineſs 
8 hand to be acquired only by 
* practice no fixed baſis as moſt 
other aſtronomical | inſtruments do. 
Beſides aſtronomical | purpoſes, * 
| makes 


*; the practical parts of Aſtronomy, —__ 
: were the neceſſary i in ſtruments neither 1 3 2 , 

5 85 expenſive nor troubleſome to uſe. T his "M * 3 f 

_ inflfun ent is = portable, appli- * 1 4 


rs is the eaſieſt to ma- "i 


PREFACE. i 


makes an uſeful Theodolite for the 


furveying and mapping of countics, 


and far excels any other inſtrument 


for taking off- ſors in the modern way 


"of plotting and meaſuring Land. 


Nothing {cems to have hindered this 


inſtrument from coming. into ge- 


neral uſe, but the want of proper 


ckbrrections, 10 only how to uſe it, 
bdut alſo to examine the goodneſs: an ad 


| 2 us £ reQify | the poſition of the - glaſſes; "ſp | 


wi ithout which no obſervations made 1 i 


with it can be of any valve. . | 
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makers themſelves are but 


0 quainted with the method of adjuſting =—_ 
the glaſſes for the back obſe ervation: 1 


1 But how well forever a maker ma) 


adjuſt the glaſſes at fiſt, they will 


never keep their poſition, but muſt 5 


be 
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to time; ſo that directions on this 
head are abſolutely neceſſary. Nothing 
is here directed to be done, but what 
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bor ſpeculation, but for ponies: 


be examined and redtified from time 


has been actually executed : There 

will always be ſome doubt that what 
is propoſed upon Theory only, may N 
not be feafible when it comes to be 


The remarks are ſometimes more 3 
A p* E. : or thoſe that make than thoſe 1 
trume t; ; poſſibly they 2 
vice to both. All ma- 
tem * Vonfations: are omitted, 
2 Z a to another place; : what 
is here delivered not being deſigned 
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[ £1 HE firſt account tf any 


any angle under 180 degrees 1 Nen, 
altitude obſerved at ſea either from —. part of 
which is undet the ſun, or that part which is oppoſi 
mimt does this octant differ eſſentially from thoſe now commonly 
= = The author likewiſe explains the principles on which 
_ Theſe in 
dated 1732 + Mr. Hadley ſays that an octant made of wood 


| 8 2 , 1 ; ES 


FOR THE USE OF 


HADLEY" QUADRANT, a. 


col TC TED and AMENDED by the AUTHOR. 


A ſhort hiftory of the invention of the reflecting inſtrument 


| for taking angles at Sea, common called HADLEY's 
QUADRANT, and . 3 che ENGLISH 2 
- OCTANT. 


a paper given in to the Royal So 


u May 1731.* The author deſctibes roi E. nt 


the "war of theſe has three ſpeculums, _ 


Ide to it; 


ments were conſtructed. In a ſubſequent paper 


was produced before the ſociety when he gave in the deſcrip- 


tion, but that he had ſince procured another to be made of - 
braſs; and he proceeds to give a very circumſtantial account 


aer Tran, Kr. 20. a Phot, Tra. Nr. 435. 
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2 INTRODUCTION. 


of a great number of trials of them both, made on board tlie 
Chatham yatch, by which their great uſefulneſs at ſea .was 
ſufficiently proved ; nevertheleſs it was at leaſt twenty years 
before this excellent inſtrument began to come into uſe ; fo 
ſlow are even the beſt — in making their way 
againſt old prejudices. 
2. Some years. after this, viz. in 1742, a paper in Sir 
Iſaac Newton's hand-writing, was found among Dr. Hadley's | 
apers after the Doctor's death. This paper contains a draw- 
ing and deſcription of an inftrument not much different from 
the firſt of Hadley's ; its principal properties and uſes at fea 
are likewiſe there taken notice of. + It ſeems therefore that in 
© reality Sir Iſaac Newton was the ff inventor ef theſe reflecting 

- quadrants, though this was not known till 1742, except 
perhaps to Dr. Halley, who ſeems to have taken no notice of 
this paper of Newton's, when Hadley's octant was publicly 
ſhown at the Royal Society. Mr, Hadley's great abilities, 
and particular {kill in optics (of which there are many proofs 


in the Tranſactions) leave no room to doubt but that he like- 


| wiſe was an original inventor ; and Ne the inſtrument 
* always borne his name. 


9 Ar Account of the te fr fre of Veftedtng "g alain 
= : a6 "M Jer taking angles. * 


ſorts of theſe 1 for i 


= 1 2 ö dend acroſ their plane unleſs made with per- 
x pen adicular fs and then they are very heavy.“ The common 
ad are of mahogany : their diviſions are cut upon ivory, 
Which if it does not ſhrink may do very well, as it ſhows the 


4 lines very plain and will not ruſt with the — air. The beſt 


ſize and fort for general uſe ſeem to be thoſe of fifteen inches 


kadius made of mabogany, with a brals ous on a Uh limb tor 
the diviſions. : : 


— 9 . bars are thoſe whoſe plane is perpendicular to the plane of the 
— . are — on the backiide of it. 2 


now commonly made. Large ones of 


INTRODUCTION. y: 
4. Some of theſe inſtruments are octants, others ſextants. 
The octants when furniſhed for the back obſervation will take 
any angle under 180 degrees, and anſwer all the purpoſes of 
a ſemicircle; The lextants are never furniſhed for the back 
_ obſervation and therefore take in no more than 120 degrees 
and that with difficulty, as the extreme reflections are very 
oblique and conſequently the field ſmall. They are beſides 
more cumberſome and heavier than the octants. It would be 
* well therefore if thoſe who uſe this inſtrument would accuſtom 
| themſelves to take back as well as fore obſervations, and learn 
to examine and adjuſt their inſtrument for both purpoſes.* 
Very ſmall inſtruments (of ſeven or eight inches radius) cannot 
well be fitted for the back obſervation, and are therefore com- 
monly ſextants. Theſe are always made of braſs, and in fa 
ſmall a fize are ſtrong enough without perpendicular bars, A 
braſs octant of twelve inches radius made thick will do without 
perpendicular bars, the narrowneſs of the ſhape making it 
ſtronger acroſs the plane than a ſextant. An octant of this 
ſize has juſt room enough to admit the glaſſes for the back 
Dor 


> Deſoipiomefrelingetnt, | 


5. Figure i repreſents the octant furniſhed both for the fore 
and for the back obſervation. 4B and A B axeithetwo ſides, Þþ 
D P is the arch or limb, M N is the m⁹mm called 
ſometimes the Alidade but commonly the burns on 
the center C and carries the index glaſs o rer J. The 
end N of the index ſhows the degrees and Hes upon the 
limb as will be explained hereafter, H 1 is the horizon glaſs * 
or little mirror for the fore obſervation. -H 2 is the horizon 
= elaſs or little mirror for the back obſervation. O 1 is the ſight 
vane for the fore obſervation, O 2 the ſight vane for the back 
obſervation. L 1 is the place of the red glaſſes for the fore 
_ obſervation ; theſe are removed to L 2 for the back obſervation. 
lf we may gueſs by the drawing, (Phil. Tranſ. Nr. 420) in the firſt oftants 
tte little ſpeculum for the back obſervation was placed fo near the index glaſs, thax 
An altitude of the tun (unleſs very high) cauld not be taken, the head of the ob- 


erver being in the way. Seamen finding the back obſervation frequently impracy 
ticable in the firſt inſtruments, would naturally be prejudiced againſt it in all 


others; which I believe is the chief reaſon Why de back obſervation has been @ 
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deder to 2 it. 


4 D SscRITION OF AN OcTANT. 


6. The index glaſs Tis put into a braſs frame and is drown 
tight againſt an upright plane of braſs by two ſcrews e an4 f 


behind the frame. To the bottom of this upright plane is 


joined another braſs plane at right angles to it, by which the 


whole braſs work carrying the index glaſs 15 ſcrewed down to 
the index. 


This braſs work is frewed to the ker by dave ſcrews 


behind the glaſs at C fig. 1. and again repreſented in fig 2. 


Two of theſe 4 and 5 draw the work down to the index, the 4 


third c puſhes againſt the other two. Theſe ſcrews ſerve not 
only to faſten the braſs work but alſo to incline the index gas, 
; backwards or forwards in order to adjuſt it. 


8. Sometimes this braſs work is crewed faſt wa. 
plate of braſs which reſts upon 


againft each other, incline that plate and the glaſs upon it 


backwards and forwards in order to adjuſt it as before. 


9. The fore horizon glaſs is likewiſe put into a braſs frame 


6 and d kept tight by two ſmall (crews behind the — like che | 


3 hs he braſs work containing the 1 glaſs i is — 


faoſt to a circular plate of braſs by two ſcrews h J fig. 3 behing 
the glaſs, This circular plate reſts upon two points in another 
mn e underneath the former; theſe pom are placed = 


— horizon glaſs. 
727 TREES on adjuſting ſcrews 5 5, one ** and awe 


.J behind dich draw the circular plate down upon 


the points: eie adjuſting ſcrews by drawing againſt each 
other, ſerve" to incline the _ backwards md Rrwardy in 


12. 1 - 


The index bh is often diſtorted by the p eg of theſe [crews behind. L F 


2 this, in ſome inſtruments, the uprig e of braſs ; which the 
ack of, the glaſs lies, has three points, and — frame that bears againſt the 


front of the glaſs, has likewiſe three points directly oppoſite to the former. on 


the back of the frame is a ſpring with three feet, 4 to thoſe points, When 
_ that ſpring. is ſcrewed.on the glaſs is thes preffed between thoſe points, in three 
places only,.and therefore it cannot be diſtorted, for a Plane will always conform 0 
3 — dls 
the glaſs is preſſed by the ree of the fpring only and not by the who =o 
8 which the hand can give ta the ſcrew, woe cannot be broken by ſcrew- 


_ Ing up ; rs the 12 * . e 


2 1 


W ” 


Io two points placed underneath © 4 
the ends of the index glaſs. The ſcrews c and d (fig. 2) faſten | 
this circular plate down upon thoſe points, and by drawing {| 


DEe$CRIPTION or AY Oer anz. 5 


12. Beſides the «guſting ſcrews s 5, the horizon glaſs has 
| likewiſe an ad) ufting lever by which it may be turned circu- 
larly round an axis perpendicular to the plane of the oftant, - 
This lever is uſually on the backſide of the octant, and has a 
| contrivance to turn it ſlowly, and a button-ſcrew to fix it. In 
' ſome inſtruments this glaſs is turned about by an endleſs ſcrew. 
13. The lower half only of the fore horizon glaſs is ſilvered 
over, the upper half is left clear, through which, in making 
obſervations, one of the objects is ſeen directly, while the other 
is ſeen by reflection ſrom the lower half of the glaſs.“ It was 
the cuſtom formerly to ſilver this glaſs at the top and bottom, 
and leave 5 | (anſparent fit in the middle; but * 1s now 
left off. 5 
N The back horizon glaſs is: FACT ina ha; in the fa 
manner and has the ſame adjuſting: ſcrews, and adjuſting lever 
as the fare horizon glaſs. It differs only in this, that it is 
ſilvered both at the top and bottom, and has a tranſparent 
ſlit acroſs the middle, through which one of the objects! is ſcen 
i directly while the other is ſeen by reflection. + 


15. The foreſight vane is made in various ways. Generally | 


? jr is only a flat plate of braſs with two holes in it. One hole 
is exactly over againſt the ſeparation between the filvered and 


tranſparent part of the horizon glaſs; the other hole is above 


| 20n g 


| the former and oppolite to the middle of the tranſ parent part 
bf the horizon glaſs. The lower hole is to be uſed in common 
caſes; the upper hole when the object is {@ 


ſeen by reflection from the unſilvered part 2 _ There 
are little ſhutters to cover the h hate not in ue | 


| = 
We =o 
16 | Inflead 


.v 


bright as to be | 


. »1f * FRE was s to os uſed for land objects PO it no be better if the 


| upper half of the horizon glaſs was cut off. For though land objects may be ſeen 
8 h it, yet they appear much darker. The great uſe of this part of the hori- 
gat aſs is in obſervations of the fun, whoſe i image is bright enough to be ſeen 
dy reflection from this part though not filvered ; and thus that reflected image can 
de made to coincide exactly with other —_ ſeen directly thr ough the very ſame 8 
1 Point of the glaſs. 1 
I I ſuppoſe the reaſon of thus e g only a ſlit tranſparent, to be as fellows, 3 


The eye (when a plain hole is uſed for the fight) being very near the glaſs, 2 nar- 
n; 


to ſlit is fufficient to give a large field for objects ſeen by direct viſion; the re- 
maining part of the glaſs both above and below is flvered, that the objects to be 
ſeen by reflection may be more eaſily found. This conſtruction how*ver is incon- 
venient, eſpecially for land objects when either a plain tube or teleſcope is uſed, 


This —_— glats mould — bet brered jab in the {arc manner as the — 


. 
„ 


*. 


6 DzscrIPTION OF AN Ocraxr. 


16. Inſtead of the Jane with holes, a plain tube is frequently 
uſed to direct the ſight, and ſometimes a teleſcope. When a 
plain tube is uſed, its height ſhould be changeable fo that its 
axis may be made to point either againſt the ſeparation between 
the ſilvered and tranſparent part of the horizon glaſs, or elſe 


againſt the miadle of the tranſparent part, which is neceſſary 
in taking the altitude of the ſyn at fea. The teleſcope 18 
always made to riſe and fall above and below the ſeparation 
olf the ſilvered and tranſparent parts of the horizon glaſs, ſo as 
to take in more or leſs of the one or the other. By this means 


either object (that ĩs ſeen directly or that by reflection) may be 


made to appear through the teleſcope more or leſs bright as 
circumſtances may Aer 2m This teleſcope is likewiſe fur- 


niſhed with ſmoaked glaſſes in a braſs frame which ſlides acroſs 
the eye hole. This "beats frame contains two glaſſes whoſe 


_ inward faces are ſmoaleed with the flame of a candle; one end | 
- lightly, and then gradually darker and darker to the other | 
end. A frame of braſs is interpoſed between the fmoaked þ 


glafles to prevent their touching each other ſo as to rub off 


the foot. Theſe ſmoaked glaſſes are to be uſed in viewing the 


ſun when both its direct and reflected images are brought 70 
into the teleſcope together. 


Some inſtruments are furniſhed with all hore kinds of . 


ſights, plain holes, a tube, and a es, to be put on and 
uled in each others ce.” 


17. The back vane does not differ i in its conſtruction from 


tte fore vane. The tube or teleſcope 1 is commonly made to 
| fit both vanes. When there is no teleſcopt there ought to be 

a director of the fight for the back obſervation as recommended 5 
by Hadley. This was very injudiciouſly laid afide, but is lately 
brought into uſe again. The director is a frame of braſs T T 
ſto be fixed occaſionall on the ſide of the limb A B where the 
diviſions begin This frame has a wire ſtretched acrols it, fo 
as to be parallel to the plane of the octant and at the ſame : 


height above it with the fight O 2. Its ule is to direct the 
5 fight parallel to the plane of the ei; 
3 It may be remarked that in common octants the Gokt vanes are ods > | 


a; koles only, and thoſe very ſmall. Being chictly deſigned for taking the ſun's 
altitude at fea, the brightneſs of the object makes it ealy to find the reffected image 


in the horizon glaſs, and ſmall holes are ſufficient to ſhew it; but for land objects 


a ſhort tube is very neceſſary to take off the light of the ky, which entering lde | 
Ways — a plain hole ee effaces the 2 — from the * BE 


a ray paſſing through, the other by a ray reflected from the 


with, and is alſo conſidered as the Axis of Vifn. 


are round glaſſes put into ſquare frames of braſs. "Theſe 


about to adjuft as will be ſhown hereafter. Their uſe is to 
make the object ſeen by reflection appear of a dark red colour, 
when it would otherwiſe be too bright. One of theſe glaſſes 
is of a lighter, the other of a darker colour; the former is to 
be uſed in taking diſtances of the moon from the ſtars in order 
to find the longitude at fea, the latter in obſervations of the 
ſun. If the fun is very bright both red glaſſes may be uſed 


together, Theſe glaſſes turn out of the way in other obſer- 
Wes HOY 


DEZCRIPTION OF AN OCTANT, 7 
18. The two objects which coincide are ſeen, the one by 


{ame point of the horizon glaſs to the eye; this ray is called 
the Viſual ray, When this ray is conſidered merely as a line 
drawn from the middle of the horizon glaſs to the eye hole 
of the ſight vane, it is then called the Axis or Viston. The 
axis of the teleſcope or tube uſed to direct the fight, coincides 


19. The red glaſſes, (or as ſome call them, dark elaſſes,) . 


glaſſes are not made faſt in their frames but may be turned 


20. The limb D F is divided i into degrees and half degrees, | 


every ten degrees of which is numbered, beginning from o at 
E and going towards the left hand to 94 or 95 degrees. This 


part of the limb is called the quadrantal arch or internal arch. 


The part of the limb E F lying the contrary way from o is 

| likewiſe divided into degrees and | half degrees and is numbered 
from o at E the contrary way towards the 2 
part E F is called the arch of exceſs or external arch. The odd 
minutes are ſhown by a ſcale of diviſions V on the index 
called ſometimes a Nonius and ſometimes a Vernier.“ 


right hand. This 


21. The middle line of this ſcale of diviſions or V ernier, is 


diſtinguiſhed by being longer than the reſt; againſt this line 
is ſet o. The other diviſions are numbered, every five, from o 


to 15 on the right hand, and then beginning from the erteme 
: diviſion on a the | left hand from 15 to © thus: 


JJ) SE KEE 
22. The place of the middle line of the Vernier among the 


ariden on the limb, ſhows che intire : degrees and odd | half 
„ 


* This invention has been commonty attributed to Petrus Noniut, (or Pero 


| Nunez) and it has accordingly borne his name; but it was in reality the invention 
of Pierre Vernier a Frenchman in 1631; and ct late both F rench and Eng in 


writers have called it by his name. 


8 Drscxir rio OF AN OcrTanr. 
degree (if any) fubtended by the objects obferved. T he odd 
minutes (always under 30) are ſhown by the Vernier in 
manner following. Look among the ſtrokes on the Vernier 
for one that ſtands directly oppoſite fo ſome ſtrolte among 
the diviſions on the limb; that ftroke numbered among the 


diviſions of the Vernier ſhows the number of minutes to be 


added to the intire degrees and half degree (if any) ſhown as 
aforeſaid on the limb. 
23. If the angle ſubtended by the objects is taken upeii the 
arch of exceſs, ſo that the middle line of the Vernier falls 
between E and F, then in finding the odd minutes by the 
Vernier, the numbers on the ſcale are to be read in 2 contrary 
: order, Juſt as if they had an figured _ 
35 10,5 25 1 
or which is the fame thing, 8 may fut read off che odd 
minutes in the uſual way, and then their complement to 30 
will be the real number of minutes to be added to the degrees 
and half degree ſhown on the arch of exceſs. See alſo par 27. 
224. What has been ſaid relates intirely to the fore obſer- 
vation; in the back obſervation, the angle ſubtended by the 
two objects is the ſupplement 70 180 degrees of that ſhown on 
the limb, and eſtimated by the figures engraved thereon, as as 
aforeſaid. 1 
28. In taking che fan” s altitude at fea by the back obſervas 
tion, the two objects whoſe angle is determined are the ſun, 
and that part of the horizon which is oppoſite to the fun: but 


I the ſupplement af this angle, is that which is contained between 
© the ſun and the part of the horizon under the fun; therefore 


in ſuch back obſervations at fea, the numbers ſhown'on the | 
mb immediately give the ſun's altitude, juſt as in the fore 
| obfervation. In other caſes of the back obſervation the 
angle between the objects is had by ſubtracting the degrees 


and minutes ſhown (and eſtimated by the figures) on the mb, —_—_ 


| from 180 degrees as was faid before.” $7 


- ? l x 
. A ; - 1 * 1 

A . ri > 4 

WES * 6. N _ h . 

: 2 | T 4 : | . 
3 
dd 8 

* . 

* 


3 To make the inſtrument have the perfeR fer 5 of a 8 the num- 

bers on the limb ſhould be returned back again from D to E, that.is from go to 
2180 degrees. There thould likewiſe be another {ct of numbers on the Vernier in 4 
contrary order; but as ſo many ſets of figures might create confuſion, it is better 
to have one ſet of figures only as uſual; to read off the degr ees and minutes in the 
common n Ways and take their fupplement to 180 degrees in the back obſervation. 


ks 
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26. The index has a ſetting ſcrew on the backſide to fix 
it; nevertheleſs after the index is thus ſet, it may yet be 
moved ſlowly backwards or forwards by the regulating ſcrew 


R, fig. 1, by which means the two objects may be nicely 


brought into contact. Some inſtruments have only a ſetting 
ſcrew, and no regulating ſcrew, but this is a defect, 
27. In ſome inſtruments the Vernier is numbered in a 
manner different from that we have deſcribed. The figure o 


ſtands againſt the extreme diviſion at one end, commonly on 


right hand, and the numbers run regularly on to the other 


end, thus: 


„ wr 


but whenever the angle 1 is taken on the arch of exceſs, theſe 


numbers muſt be read in a contrary order, thus: 


© 5 10 15 20 55 30; as was befor directed. 


28. The degrees on the limb are likewiſe differently ſab. 5 


5 divided i in different inſtruments ; this will occaſion a difference 
| inthe ſcale of the Fernier. When the degrees are ſubdivided 
into three parts, each part contains 20 minutes, and the 
* on the Vernier run only to 20 not to 30; thus; 


L or thus; 20 3 10 5 ©. -An-- 


ts forgoing rules hold in this caſe. For inſtance, if the 


angle be etaken on the arch of excels chofe — muſt be read 5 
— thus; | ; 


i . 9 10 


| 7 in the latter caſe thus; 


J 


- dards the numbers may be read juft as they are 3 .. 

on the Vernier, and their complement to 20 taken for the 

true number of minutes to be added to the odd 20, or the odd 
40 thown on the limb. 


29. In ſome inſtruments the index is fo de that the ſcale = 


of the Vernier 1 is in | the lame Plane with the [calc of degrees | | 


7» The « 0 may be dt to » fond at cicher end, "md the 8 to read cher in 


dhe ſame order with the figures on the limb, or in the contrary order. The lengtn | 
df the intire ſcale of the Vernier muſt be equal to as many of the leaſt parts into 
which the I mb is actually divided, as are contained in the Vernier and oe ,2v-e in 


the latter caſe, but one leſs in the former. Thus where che limb is actually divided 


into half degrees, and the Vernier of courſe has 30 parts to diſtingniſh each half 
degree into minutes; the length of thoſe 30 parts of the Vernier, mult be equal to 
21 half degrees on the limb when the figures on the Vernier are to be in an order 


contrary to thoſe on the limb; and to 29 half degrees when the — on the 
nn e Ina on the limb, pm : 


* 


— — * 
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on the limb ; in others the ſcale of the Vernier comes down 
to the limb with a flope or feathered edge. The coincidence 
of the ſtrokes may be more exactly ſeen when both ſcales are 
ia one plane, provided the limb be wrought ſo true that the 
edge of the Vernier makes a perfect joint with the limb in 
every part: But as this is ſcarce poſſible, the method of 
making the Vernier with a feathered edge ſeems preferable. 
In ſome inſtruments the index moves underneath the plane 
that is on the back ſide. This is very inconvenient ; for the 
Inſtrument can never be laid down without danger of diſturbing 
the index; indeed good inflruments are ſeldom made in this 
7777 nos N Es 
30. It is uſual to varniſh all the braſs work of a bright 
gold colour; but it would be better if the frames that ſurround = 
the glaſſes, andthe parts on which they ſtand were varniſhed 
with a dead black. The glare of the braſs-work in the former 
caſe gives a falſe light which enters the eye along with the 
| ghr kom the objects and in a manner overcomes S. 


Of 42 8 wy or ft ri be Octant. : 


31: Although that degree of ſteadineſs which is neceſſary 
in all other inſtruments is not required in this, yet a proper 
ſtand to ſupport to ſupport the weight of it is very convenient. 
One of this fort is defcribed in the Aſtronomical Obſervations 
nade at Cambridge, &c*. That ſtand is particularly deſigned 
L for taking diftances of the moon from the ſun or ftars, or the 
di.ſtances of ſtars from each other. A far more ſimple appa- 
”_  Tatus will ſerve when the octant is to be uſcd only to take 
angles between land objects in making ſurveys. The part 
marked QRST inplate firſt of that work (and here in figure 4) 
is alone ſufficient for this purpoſe. The axis 29 may be 
put through the ſocket of the three-legaed ſtaff made to 
| ſupport a common Theodolite in the very place of the Jong 


C ——-.öũ %% ˖ ter... 


rr 


„ „ 
o 


ſcrew that ſcrews the Theodolite down upon the focker. This 
apparatus may be taken away and the Theadolite put upon 
“õ; 8 
332. Fig. 4. is the profile of an apparatus of this ſort 
made for a twelve inch octant. The axis Y 7” on which the 


* Printed for T. Cadclly Lenden. 
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oftant ſwings is one entire piece of braſs, and is ſerewed on 
the back ſide of the octant. It ſhould be ſo placed as to 


paſs through the center of gravity of the whole inſtrument 


and be parallel to the axis of viſion belonging to the fore 
horizon glaſs. 


Care ſhould be taken that the ſupports or braſs heads $$ 
do not lie in: the direction of the axis of the back horizon 


_ efafs. For then theſe heads will Intercept the direct view 
through the tranſparent part of that glaſs when the face of 


the octant | is downwards: * for the octant may be placed on 


ſuch a ſupport with its face either upwards or downwards, 


and thus the fainteſt of the two objects be always ſeen 


directly and the brighteſt hy reflection. 


A ſmall addition to this work will make 1 it a vichul ſtand . 


for the octant when applied to the taking altitudes of the ſun | 


or ſtars by reflection trom the ſurface of : a fluid. 


A of the apparatus for telling altitudes by refetio fn : 


the fr face of a fluid, 
33. He is 3 to ſkreen the furface of tha fluid from | 


_ the action of the wind by two panes of glaſs ſet over the fluid 
ſo as to be neatly perpendicular to the rays tranſmitted 
through them. I heſe planes are each three Inches broad 
and 4 inches long, and are pinned in mahogany frames. 


T bc des and bottom of the frames are half an inch wide, 


the top one inch wide. The frames are joined together by 

| hinges ſcrewed to the top. To the top of each frame is 
| Itkewifſe ſcrewed a braſs arch, by which they can be {et » ; 
any inclination between 180 a 50 degrees. The fig 
on the arch ſhow half the inclination of the planes; a : 
the planes muſt be ſer ſo that the index may point on the 
arch to the expected latitude. The perſpective view of theſe 
planes is given in Fig. 5. and the plan of the braſs arches | in 


Z * Itis to avoid this that the axis IV is made parallel to the axis of vinon of 
ttutke fore, and got of the back horizon labs, not in an intermediate direction. 
= Arother reaſon is, that notw ithitanding the axis Vis not parallel to the axis f 
= _ viſion of the back horizon glats, yet it the octant be made to vibrate about the 

_ exis the reflected image of any object ſcen in the back horizon glaſs will 


de ſeribe an arch, the convex tide of which is turned towards thoſe objects whoſe _ 


angular diſtance from the given objc& exceeds that of its image. The advantage 
cf this will be better underſtood: hereafter. | 


An octant of lets than 12 inches radius, cannot well be mounted in this manner; 


| becaule its center of gravity will fall too high, and che axis “ pats too nꝛat tae. 


by va * nes . 


Ch: Fig, 


A 
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Fig. 6. * Theſe braſs arches ſlip beſide each other and 
have each a long circular flit, through which paſſes a ſetting 


ſcrew. The profile of this ſcrew is ſeen in Fi ig. 7. On the 


inſide of the head of the ſcrew is a ſteady pin which goes 


through the ſlit of one of the arches and keeps the head from 
turning round. A ſmall part 4 5 of each arch returns at 


right angles to the plane of the other part, by which it is 
ſcrewed to the manogany frame. 


34. Fig. 8 is the "perſpective view of the reflecting box, 
and Fig. 9 is the profile to one fourth of the real ſize; the 


ſections of the plancs are ex preſſed by dotted lines but with- 


out their braſs grches ; theſe ſections are marked by LE © 
and L F, in fig. 9. The refieting box is dove-tailed | 


together at the corners A B and C D, but open every where 
elſe and without a bottom. It is four inches wide, that is 


juſt wide enough to admit the planes which reſt upon te 
thin boards AE and CF. Theſe boards flide into * 1 


made in the ſides of the box. The braſs pin MV fig. 8 


keeps the top of the box from warping or flying out. The f 
water trough pg 75 is made of pewter ; four inches long, three 
inches wide and two inches deep, and is blacked within. It 
has a cover which ſlcreens about a quarter of an inch of the 
water next the ſides of the trough all round, to hide the 

_ irregular reflections made by air-bubbles which adhere to the 
des. There is another trough of wood of the ſame di- 
menſions to be uſed in the place of the former: this has a 

| falſe bottom within half an inch of the top to hold quickſilver. 2 
When the altitude of the ſtar is very great, the trough may 
then be covered with one of the planes laid flat upon it; the 
mahogany frame * made to n he up of the trough for 55 


that purpoſe. _ 
The two ſurfaces of cack ; glais plane ſhould be per- 


. fectly parallel, though a nal variation is of no conſequence; 3 
partly becauſe the rays paſs almoſt perpendicularly through 
them, and partly becauie by turning the planes, their * 4 
fractions will have contrary effects and the errors will balance 
each other, as will be ſhown hereafter. The parralleliſm of 
theſe glaſs planes may be examined by the methods deſcribed 


in the following paragraphs. 


7 Figures 2346 7 9 are profiles or ſeRtions laid down FER the original by | 
Feale and compaſs. Fig. 1 5 8 10 11 are perſpective views; their principal lines 
were marked out mechanically, with an inſtrument by which you may draw the 


perięect. ve view of any object with cal, expedition and . 


4 


. 888 
38. But the ſurfaces of the reflecting glaſſes ſnould not 
only be parallel but likewiſe perfect planes. F To examine 


( 13 ) 


The METHOD of examining the GLASSES belonging to 


1 


All the glaſſes belonging to this inſtrument ſhould have 


their two ſurfaces perfect planes and exactly parallel to cach 
other. Er nr FO V8 
36. To examine whether the two ſurfaces of any of tlie 
reflecting glaſſes ate exaccly parallel, obſerve the image tf 


ſome diſtant object reflected very obliquely from the glaſs;“ 


if that image appears ſingle it js a ſign that the two ſurfaces 
are parallel. f On the contrary, if the edges of the object 


thus ſeen by reflection appear to be ſeparated fo as to make 


two images, the ſurfaces of the reflecting glaſs are then inclined 
each other.“ This examination will be more perfect it the 


reflected image be viewed through a teleſcope magnifying 


" eight or ten times. If the image then appears ſingie, its 


= 


parts ſharp and well defined, it is a fign that the reflecting 


| glaſs is a good one indeed „ 
37. It may be proper to take notice of the reflected image 
of the ſun or moon when the index ſtands at 90 degrees, the 
_ refleftion from the index glaſs being then the moſt oblique 


poſſible. If. the ſun's image then appears ſingle, it is a ſign 


Iy diſtant objects we ſhall for the future underſtand firſt and principal; any 
_ obje& in the heavens, the ſun, moon, or ſtars. Secandly the ſea horizon. Therdly _ 
laid objects not leſs diſtant than a quarter of a mile; bnt the more diſtant thele _ 
f For the diſtance between the two images reflected by the two ſurfaces (when 
parallel) is twiee the tifickneſs of the glaſs; neglecting the refractions between the 
Jurfaces which leſſen the diſtance between thoſe images. It the objet be ſo fir 
off that this diſtance ſubtends an angle leſs than a minute, and is conſequentiy 


__ inviſible, the two images will then appear as one... 3 
elf the ſurfaces either of the index glaſs or the horizon glaſs ſhould, not be 


exactly parallel, but, when produced, interſect each other; yet if thele glaſſes 2 

fo placed that this interſection is parallel to the plane of the inſtrument it wi | nat 

occaſion any error in 8 For though there will be two images formen, 
will b 


yet theſe two images e one below the other with reſpect to the plane of the 


| 8ant, 2nd therefore each at the ſame angular diſtance from. the object itſelf. 


glaſſes are often diſtorted by the ſerews whica draw the brass 
| = 5 . trame 


* 


a de reflecting 
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j nzis, look out for two diſtant objects: move the index till the 
L reflected image of one object coincides with the other object 
Teen directly; making them unite Juſt at the ſeparation be- 
tween the filvered and tranſparent part of the horizon olaſs. 
Turn now the octant about + its own plane, fo as to make 
tte united images move along die line of ſeparation in the 
horizon glaſs. If the images continue united, then the re- 


aſſes beyond or recedes tron the other in the direction of 


© the line of ſeparation in the 
direction of the plane of the octant) the glaſſes are faulty. 


the 3 of the octant is of no conſequence. 
| 9 exactly in a plane paſũng through the &ye of the 


inſiſted upon hereafter. If either of the objects are bright 
enough to be ſeen by reflection from the tranſparent parts of 


to the plane of the octant. When the ſight vane has two 


in the management of the inſtrument to make this examination 
which is only A fault! in the manner of holding the octant. 


See Par. 108. 
. 0% the Red Glaſſes. 


are 2 — made much too thin 0 9 capable of being wrought true. 


acer g planes are fiat; but if the image of one object either 
rizon glaſs, (that is in the 
Any ſeparation of the images in a direction perpendicular o 

In this examination care muſt be taken to hold the 


obſerver. and the two ob zjects, as will be more particularly 


the horizon glaſs, its image may he brought to the upper part 

of the horizon glaſs by holding the octant out of the proper 
Plane. The other object may likewiſe be ſeen at the ſame 
me through the upPSPET Of the horizon glaſs : but though _ 
they were united betore in the middle of the gals, they will 
not be united now in this upper part, not owing to any fault 
ia the glaſſes but to the wrong poſition in which the octant is 
he'd, the ray by which the objects are ſeen, not being parellel | 


17 holes, it may az Proper to tr v whether the objects appear. 
united when feen through each hole, in the two parts of the 
horizon glaſs oppoſite to thoſe holes. It requires experience 


: properly, ſo as not to miſtake that for a fault in the glaſſes 


: o. The ex2mination of theſe glaſſes muſt be made Wien 
| che fag 13 on or near the mer Win Hold the octant nea: ry 3g 


1 PEER ti icht 3 the cola BR by that means 5 preſs the claſs * the uprig ight > | 
plane, See par. 6 and g. Sometimes the face of this plane, ſometimes the glaſſes 
themſelves croſ5-avind. In truth both this braſs work and the glaſſes themielves 


9 
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1 vertical plane and direct the ſight to ſome object in the 
horizon under the ſun. Turn down the red glaſs and move R 
® the index till the reflected image of the ſun is in contact wich 
the object ſeen directly. Fix now the index and turn the red 
glaſs round in its braſs cell: if this neither raiſes nor depreſſes 
tthe ſun's image, but it continues in Cont act with the object 
below as before, then the ſurfaces of the red glaſs are parallel. 
If turning this glaſs ſhould raiſe or depiets the ſun's image, 
put the glaſs into that which leaves the image in the middle 
between the higheſt and loweſt points to which it ſhifts i it, ſo 
that the refraction may remove, the image ot the fun ſidewiſe 
along che horizon in a direction perpendicular to the plane 
* .of the octant. In this polition of the red glats, its 5 refr action 
1 TM 12 make the inſtrument falſe. | 
1 This examination is here di: rected to S made when 5 
is ha. is on the meridian, becauſe his diſtance from the object 
beneath does not vary ſenſibly at that time for ſeveral mi nutes: 
but it may be made at any other time, provided the plane of 
the octant be held in the plane of the hour circle paſſin x 
through the ſun, and the object to be feen directly be placed. * 
in the interfection of that circle with the horizon. * 
42. The ſame trial of the red glaſſes, eſpecially the fain: 
one, may be made by the moon, by brin noing her refletied 
image into contact with ſome fixed ſtar, lying nearly in a ore it 
circle drawn through the moon, at riglit angles to her courſe 
in the heavens. For the diſtance from ſuch a {tar will not be 
ſenſibly varied for many minutes * che proper motion of the 
moon in der or bit. 


The MET HOD of adjuſting the GLAS SES and other | 
| PARTS of the OCT "ANT. 


= 43. 'Befire you (REM to adjuſt the Polke ion of the glaſſes, | 
vou mult firſt examine whether they; are al faſt in their 
frames, if not you mult fix them by the fcre ws behin J. Ste 


— 


jr. . 6 and 9 But take care not to on thes i eres S 4 5 


3 — 8 It che two 3 of * red vlaſs * not exactly pa: rallel, the rays. of -1 lie kt CES 
x (in paſſing between the index and horizon glaſſes) will not be parallel before on " 
atter refraction at the red glaſs. But if the interſection of the turfaces. of ar 
glas, when produced, be pacaliel to the plane of the octant, this went of pal! 


na in the rays will not cceaſion any error in the angle obſerved; for _— retract.ou” 


of the glafs will — be wholly 3 dicylar te che plane of © We tuen 


to 
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in general is every where firm and faſt, that the ſeveral 
adjuſting ſcrews which act againſt each other are juſt tight 
and no more, To - 


: 7 0 adiuft the lade | Glaſs. 


44. We ſhall begin with the index glaſs. Now to adjuſt 
the index glaſs is : ſet its plane pependicular to the plane of 


pofitions when in uſe. In the vertical plane is a ſmall hole 
tor the eye to look through. The other two, Fig. r1 conſiſts 
of an horizontal plane like the former, at each end of which, 


and cloſeto one ſide, is an upright pillar: between the two 
pillars is ſtretched horizontally a filv& wire or white horſe-hair 
exactly at the ſame height with the ſight-hole of the other 
tool; fo that when the tools are ſet cloſe together and their 

. vertical Planes touch, the wire in one beſects the hole 1 in the 


: athex. - 
vane clear off the octant, ſo that the index may paſs over the 


on the arch or limb, ſet the latter, Fig. 11, on the ſides of 


the octant as near the index as may be, but not upon the 
index itſelf Turn now the index clear off the limb, fo that 


by looking through the hole in the former tool, Fig, 10, you 


ume time you are to ſec the wire of the other tool, Fig. 12, 


reflection is biſected by the wire. 

46 It may be proper to repeat this examination; ſetting 
the tool, Vi 18. 70, W has the . on a different part of 
the 


to bend or break the glaſſes. See like wiſe that the braſs work 


the inſtrument. This is performed by means of two adjuſting 
tools made of braſs and repreſented in per ſpective, Fig 10 
and 11. One of theſe tools, Fig. to, conſiſts of two planes 
joined at right angles to each other, one of which we fhall call 
. the horizontal plane, the other the vertical plane, from their 


45 To © fat the index gat then, firſt wake the bes nde | 


plcae of that vane. Set the former of theſe tools, Fig. ro, 


may tee that kole by reflection from the index glals; ; at the I 


d ectiy. It che reflected image of the hole you look through 1 
is biſected by che wire, then the index glaſs is upright. If the 2 
hole appears above the wire, then the index glaſs inclines too 
forward; contrariwiſe, it the hole appears appears below thjge 
Wie. In this caſe the adjuſting ſcrews (par 7 and 8) muſt be '8 
che one reticaled the other tightened, till the hole ſeen by * 


2 . . - 
— 6 m 


2 


ccc 


W Md Bs 


«8 
* 
| 


I | that the ſer CVS may not be 


draw with a moderate force againſt each other *. 


Or ADJUSTIN G THE 148878. 17 


the limb. If che plane of the nftrument j Is perfectly flat, the 


reflected hole will appear biſected by the wire where vever that 


tool is placed: but great preciſion in this particular muſt not 
be expected, and indeed need not be required. 


47. In this adjuſt: nent take care always to releaſe one ſons 


before you ſet up the other that draws (or otherwiſe puſhes) 


againſt it. Likewiſe be ſure to leave all the Ar crews 
tight, by ſcrewing them up if lack, ſo that at laſt they may 


7 2 adjuſt the fore Horizon Gloſs. | 


13 s 48. "Two: adjuſtments belong to the fore horizon laſs, one 
do ſet] it perpendicular to the plane of the octant, the other to 


make it agree with the divifions on the limb. The former of 


= theſe is done thus. 7 
1 The index-glaſs being firſt adjuſted as before, bring « | 
= Vernier exactſy againſt © on the limb, that is ſet the index to 
the beginning of the diviſions, + Hold now the plane of the 
| octant parallel to the horizon, and obſerve-the image of ax 
diſtant object in the horizan at land, or at ſea the horizon itſelf, 
If the image ſeen by reflection is higher than the object irfelf 
feen directly, relcaſe the fore ſcrew mentioned par. 11, and ſet 


up the back ſcrew, and contratiwiſe if the image ſeen by re- : 


flection is loweſt, till both are of an equal height, ſo that by : 
ſhifting the index you can make both images exactly agree ana 


appear as one object. In JN thus 3 obſerve the 
caution before given Par. 4 


49. If the ſea horizon be uſed * this adjuſtment, hold he 


| * of the actant parallel to the horizon as before, and 
obſerve whether the two images of the horizon coincide. This 


will be known by remarking whether the edge of the ſea, ſeen 

in the ſilvered part of the glaſs, joins in one 3 line with 

= Sue of the ſea, ſeen through the tranſparent. part of the 
* the farmer ** eicher higher or Tower than the 


5 * Theſe: ges . ugh to move e very fready, atherwiſe it 18 « impoſſible ty 5 1 
feel how much they draw a againſt each other. Their threads ough to be deep © 
os 


ced out, and fine that they may not releaſe them- 1 — 
ſelves; —but they are commonly very ill made. 5 


I Some octants have a ſinall brais button on the edge of the ſide. If this be 
faroed Ar with Rop the | index * at the * of cha — 
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latter, then the horizon glaſs muſt be adjuſted od the rule | in 


: the laſt paragraph. 
350. This adjuſtment may be made by by means 14 che na, 
moon, or a ſtar, in which caſe the octant may be he 


| vicular tothe horizon. If the image ſeen by refleAtion in bo that 2 
eaſe appears on one fide, to the right or left of the obje& r 

ſeen directly, then the horizon- glaſs wants to be adj uſted. In 

| whateyer plane the octant be held, if the reflected image of 

the ſtar appears above the dire& image relatively to the oe of 
the octant, then releaſe the fore : ſerew and tighten the back 


7 ſcrew, and contrariwiſe. 


If this adjuſt ment be made by a ſtar, fide the index lack 


wards and forwards; obſerve 5 the reflected * e in its 


motion paſſes over, that is upon the direct image. If not, the 


borizon- glaſs mult be adjuſted as before till it * ſo that, 


by ſtopping the index in the proper place, both images may 
1 Prei coincide, and the ſtar appear as one. b 


51. The other adjuſtment of the horizon - glaſs is che ſetting 


3 it ſo that the des my ſhow * the Ind che true angle 25 


5 Coby Wes an ap and if done * time —— 5 
i liable to alter, ſo that the moſt experienced obſervers adviſe 
ais nat to try at an exact adjuſtment, but to find the error 
7 occaſioned by the want of ſuch an adjuſtment, and allow for 
it in the 3 We ſhall lay Fn both the method of 


adjuſting the octant perfectly, and of finding the error when 


this adjuſtment is not perfect. premiſing that . 
achuſtments of che glaſſes before entioped are to 0 be made firſt, 1 


and as perfect as poſſible. 805 


52. Toadjuf then the fore horizon-glaſs, tu turn the "I Te til! 

nds exactly aga inſt o on the limb, and fix 
the index there. Direct now the f ht to the moon, a ſtar, 

ſome diſtant object, and obſerve whether the image ſeen by 
reflection coincides perfectly with the object itſelf ſeen directly, . 

I as tO form one APPEArAance 4 if not, bring them 1 into one e by 


o on the Vernier f 


. Some * have a ſmall braſs un on the * 1 the de. Torn this | 


15 c vp and — ndcx will ap againk | it PR. in the * place for this * 


* q wy 9 ; "IO _ 1 


"7 the limb, that is oñ the quadrantal arch ( ſee par. 20) then this 


* ADJUSTING THE S148 19 


adjuſting lever belonging to the horizon- glaſs 

_ 12, = then fix the lever by the button- ſcrew. 

53. If the fea horizon be uſed for this adjuſtment, then hold 

the octant ina vertical poſition, and chGirve whether the edge 
of the ſea, ſeen in the ſilvered part of che glaſs, joins in one 

ſtraight line with the edge of the ſea ſeen through the tranf. 155 

| wr on: if not, bring them into one ſtraight line by 

rage bug —— * then fx chat lever as before and 


1 To 0 find the = if this i ing. commonly called the 5 
8 INDEX ERROR | 


84. 444% 1. Turn the index about till the moon, a ſtar, 


or ſome diſtant object, as before, appear as one by the union 

pf the reflected image with the object itſelf ſeen directly, then 
the number of minutes by which C on the Vernier differs 
from o on the limb is the error of the adjuſtment, or the 


index error, If o on the Vernier ſtands between o and go on 


error is to be ſubtracted from the angle ſhowri on the limb 
by the index; but if © on the Verner ſtands ori the other 


| fideofo on the limb, that is on the arch of Exceſs, then the 


index error ĩs to be added to the angle ſhown on the limb. 


55. To find the index error by the ſea horizon, hold the 


coctant in a vertical poſition as before, and turn the index till 


the edge of che ſea, ſeen in the ſilvered part of the horizon 
__ glaſs, Joins exactly in one ſtraight line with the edge of the 
ſea ſeen through the tranſp.cent part, and the number of 


minutes by which © on the Vernier differs from o on te 


: limb is the index error to be added or ſubtracted according — 


v0 the rule juſt before laid down, par 54. 


In bers off the N _—_ on the arch of excels, 


temember the caution in a 
65656. Methed 2. Take the 3 of the ſun voth on the 
| Qquadrantal arch and arch of exceſs, half their difference is the 


index error. This error is to de ſubtracted, if the diameter 


TREE meaſured on the quadrantal arch exceeds the diameter mea- 


Fo fured | on the arch of excels z if contrariwiſe, this error is to 


* Hf heir urn is the gens true Cameter, „ = 
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de added to the angle ſhown on the limb. In raking 23 s 


diameter on the arch of exceſs remember the rule in 
relative to reading off the odd minutes by the Vernier. 


It will be proper on this occaſion to uſe the teleſcope. 
Whether that or plain fights are uſed, it will be neceſſary to 


| 2pply a ſm oked Ly to defend the * from d che rays of the 


The index error may de found in like manner by caking 


cke diſtance of two ſtars, or taking the diameter of any diſtant 


land object, both on the quadrantal arch and arch of exceſs. 


57. To prove any of theſe methods, ſet the index fo as to 
| ſhow the exact error found by that method; and to ſhow it 
upon the quadrantal arch f that error is to de ſubtracted, but 

to ſhow it upon the arch of exceſs if that error is to be added. 


Then fix the index, aud direcking the fight to ſome distant 


object, take notice whether the direct and reffected images 


rfectly coincide or not. If they do, the index error is truly 


determined; if not, it muſt be correcled by che methods : 


before laid down. 


| 38. The horizon __— may n te 3d; uſted within : 
- 080 by means of #ws near objects; but as in the diſtant 
ones a ſingle object is ſufficient, it 1 never be difficult to 1 


find ono * for chis purpoſe abroad. e 
7 aul the back bori on 245. 


59. The horizon glass for che back obſervation Fruizts 
4 de 1 Aa two adjuſtments as the fore horizon glaſs. The 
former of theſe, namely the ſetting: t perpendicular to the 
plane of the inſtrument, is to be done i na _—— like that 
directed for rhe fore horizon glaſs, par. 48. Firſt take the 
 fore-fight vane clear off the oftant, fo that . the index may 
 Faſs over the place of the yane. Hokdthe plane of the octant 
parallel to the horizon, anii look ing through the back vane 
(land through the rranſparent flit in the horizon glaſs) direc 
the ſight to ſome diſtant objeck in the horizon. Turn now 
| the index clear off the limb till you ſee the image of the ſame 
object by reflection from the ſilvered part of the horizon 
poſſible with 
tte objet itſelf ſeen directly. If by moving the index yo 
can n make both 1 image and object coincide perfectly, then * 
50 1 8 


E: 2 and make this image coincide as 2 as 


An 


—  — ö * * ö . 64S . 2 


or heavenly bodies, in a manner ſo perfectly reſembling that | 
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da needs no adjuſtment of this ſort; but if the reflected 


2 ſtands a little above or a little below the object {een 
— „then the glaſs wants to be adjuſted, Releaſe then 


the adjuſting ſcrews (par. 11 and x4) and ſet wp the 
por vhs till bed image and object are of an equal height, ſo 


that by ſhifting the index you can make them both agree and 
appcar as one ſingle object. Obſerve the Eaution before : 
Diven, par 43. 


This adjuſtment may likewiſe be nk by the fea horizon, 


deſcribed in par. 49 and 50, that we need not repeat it. 
60. The other adjuſtment of the back horizon glaſs is the = 


frning it fo that the index may ſhow upon the limb the true 5 
angle between the objects. This is equally important with 


the correſponding adjſtent of the other horizon glaſs. 
What was 92 0 


As this adjuſtment of the back horizon gl 2 
portant, and yet but little known, we fhall be particular 1 
dieſcribing ſeveral methods of doing it both at land and ſea; 


and ſhall likewiſe ſhow how to find the index error when this 
: "I is not 2 . 


that in par. 31 may ** mt to this. : 


8 18 very im- 


Methods to te praiſed at lend. 
66 . | Methed foft. Lack out for a part of the VICTOR that 


1 has two diſtant objects upon it, on two paints of the compaſs 
= either exactly oppoſite or nearly fo, Turn the index till o on 
the Vernier ſtands exactly againft o on the diviſions on the 
limb, and fix the index there. Hold now the plane of the 
vant level with its face upwards, and, directing the ſight to 
done of theſe objects, look in the filvered part of the horizon | 
glaſs for the reflected image of the other which is then behind 
Fou. If the direct and reflected objects do not exactly coin- 
_ cide, change your place, moving nearly at right angles to the | 
line joining the two objects, till they do coincide. Invert 
no the octant, that is, turn its face downwards, but hold its 


plane level. Direct the nght to the ſame object as before, 
and obſerve if the object 


hind you (ſeen by reflection) 


exactly coincides with that ſeen directly which is before you. 
I che two objects coincide, now the octant is inverted, aa 
es fares Sales; the horizon * ie = 


till the o (Qt again 
being ſtill downwar 


2 0 2 . 
— > I : * 
— . 
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the objects do not coincide, turn the adjuſting the ker. 


till you bring the oby ect ſcen by reffection half way towards 
that ſeen directly. | Shift now your place a little, as before, 


fectly coincide, the face of the octant 


. Method feb. Mente foutd. two tr objects i in the = 
2 + nearly on oppoſite points of the compass, hold the 
coctant level with its face upwards and direct rhe Feht to one 
of theſe objects, then turn the index till the other object (which 
is behind you, and muſt therefore be ſeen by reflection) coin- 
I _ with that ſeen direct Yy, and mark the degrees and 


| 4 * This a might be 8 ma: Jet ay very Alg ant obj ae without changing 


e place of the obſerver, provided the hoo was diltinguiſhed by ſuch a variety 


of objects, that thoſe parts of it which ſeem to coincid? at each — in the polition 
| of theokus, couid always be aſcertained. | 


* The objects c cannot be © Wo bas taut | in dis caſe, 


When by — your place the 
objects are made to coincide | in that poſition of the octant, 
then turn its face upwards as at firſt. If the objects now 
cCioincide alſo, the adjuſtment is perfect; if not, by means of 
'- _ the adjuſting lever, bring the object ſeen by reflection half 
way towards that ſcen directly, and re peat the whole — | 
as before. | 
62, By Hftant tbjetts, | in this purtictlar mend are to be 
underſtood objects not more than four or five miles diſtant 
from the obſerver ; otherwiſe ſhifting his place, as before 
directed, will not make them coincide: Nor ſtould theſe 
| objects be nearer than half a mile: for then any little differ- 
ence in the way of holding the octant will alter the coincidence, 
even though the obſerver ſtands on the fame ſport. *® | 
| 63. In all this proceſs the obſerver is conſtantly to keep 
his face towards one and the ſame object, which is always ro 
de ſeen directly, and the other obje& always by reffection. 
64. It will be convenient always to obſerve with the left 
eye when the face of the octant is upwards, ard with the right 
eye when the face of the octant is downwards. The contrary 
may be done, but there is danger leſt the hair or wig of the 
1 obſerver Rove hede the oO to be teen d. reflection, whick = 


minutes 


W —— 
— , » 
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minutes ſhewn on the limb. Turn now the face of the oAant 
' _ downwards, and directing the ſight to the ſame object as 
q before, move the index till the other object ſeen by reflection 
coincides with that ſeen directly, and again mark the degrees 
and minutes ſhewn on the limb. Half the difference of theſe 
two arches, thus ſhewn on the limb, is the error of the 
adjuſtment. One of theſe arches will be a portion of the 
quadrantal arch, and the other a portion of the arch of exceſs, 
In reading off this laſt arch obſerve the rule in par. 23. In 
every back obſervation I ſuppoſe the. angle — the 
objects to be eſtimated by the rule in par. 24; that is, the 
degrees and minutes contained in that angle are the ſupple: 
ment (to 180 degrees) of the degrees and minutes ſhewn on 
+ | the limb, and eſtimated by the figures engraved thereon : But 


oy 7 o 3 * 
4 ; , ** 
. I - . 
* OS 4 * 


I ſuppoſe the ſmall arch aforeſaid to be read off in the uſual = 
manner, by the figures on the limb. This premiſed, the error 
of the adjuſtment found as before is to be added to the angle 
bdetween the objects, when the portion of the quadrantal arch 
exceeds the portion of the arch of exceſs. If contrariwiſe, 
-- " Yhis injex exxor is to be bated, Een ons: 
66. To prove whether the index error has been rightly 
found, ſet che index to that number of degrees and minutes 
to which it amounts; but ſo as to ſhow it upon the qua- 
durantal arch, if the larger of the two ſmall arches mentioned 
before, par. 65, was a portion pf the quadrantal arch; other- 
wile ſet the index ſo as to ſhew the index error on the arch of 
excels, and fix the index there. Then, by the method in 
par. 61, obſerve whether the fame two diſtant objects, on 
3 oppoſite points of the campaſs, coincide both in the direct 
* and inverted poſitions of the octant; for they ought to do fo, 


* 
* 


if the index error has been rightly determined. 
567. Method ſecond, for the adjuſtment. Find two diſtant 
objects nearly on oppoſite points of the compaſs, as before 
directed in pax. 61. Fux the index at o, then direct the fight 
to one of thoſe objects, and cauſe the reflected image of the 
other object td coincide with that ſeen directly, by changing 
Four place, as was directed in par. 61. The objects being 
| joy made to coincide, keep the face of the octant upwards, 
but turn yourſelf half round, fo as to ſee that object directly 
Which was before ſeen by reflection, and the other object by 
4 feflection which was belore {ten directly. If they now coin. 
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cide again, the horizon glaſs is truly adjuſted ; if they do not 
coincide, turn the adjuſting lever to bring the object ſeen by 
reflection half way towards that ſeen directly. Proceed as in 


par. 67, only keep the octant conſtantly with its face upwards, 
and, inſtead of changing the poſition of the octant as there 
| directed, change yeur own poſition by turning half round. 
In this method it is beſt to obſerve conſtantly with the left 
eye. The nearneſs of the objects is of leſs conſequence in 
this than in the laſt method; it will be of none, if the direc - 


ſtt:ons for making this adjuſtment within doors be followed 
abroad. See par. 72. 


68. Method ſecond, for finding the index error. Haring 


found two diſtant objects * nearly on oppoſite points of the 
compaſs, direct the ſight to one of them, and turn the index 
till the other which is behind you coincides with that which is 


ſeen directly, and mark the degrees and minutes ſhewn on 


| the limb. Kcep the face of the octant ſtill upwards, hut turn 
yourſelf half round as before mentioned, par. "* Direct the 


fight to the other object now before you, and turn the index 


till the two objects again coincide, and again mark the bes 
and minutes ſhewn on the limb. Half the difference of theſe 
two arches is the error of the adiuſtment, and is to be added 


or I wenn to the rules laid down 1 in the latter 5 


end of par. 6 


69. This may be 1 in ray; juſt: a5 hs firſt inked 


of finding the index error was proved by the firſt method of 
5 auth the horizon glaſs in par. 66. | 


70. In the fiſt method the fame object is conſtantly ſeen | 


directly, and its appolite by reſſection; which is a conveni- | 
ence when one object is bright and the other obſcure. In 
the {:cond method you ayoid the trouble of holding the 


mſtruinent with its face doyny ard, and obſerving with Ut in 


71. You may rectify the wks glaſs (or may find * 


1 error) either by changing the poſition as in the firſt 

method, or by changing your own poſition as in the ſecond 
method; but not if you change both the poſition of the 
poetant and alſo your own. For whatever objects coincide 


bella both thele Changes are _ the lame will coincide 


* Here au ale e cannot eee far diſtant, — 
after, 
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after, 2n1 that whatever be the poſition of the horizon 2laſs. 
Rs 1 glass. n 
M. 2 third, for the adjuſtment; to be uſed Within 
doc 5 Upon an horizontal ſtand fix two conical points, 
whoſe diſtance 1s exactly that between the centers of the index 
glaſs and horizon glaſs ; or, which is the ſame, the dance 
 beiween the centers of the ſcrews that faſten the ird glaſs 
and the horizon glaſs to the plane of the octant. 15 heads 
of theſe ſcrews appear on the back fide of the cant; in the 
center of theſe you may counterſink or turn conical holes to 


(e411 


receive the points alorcſaid. P rovide two imail objects that. 
| can be eaſily ſeen, and that are well defined. A lac and 
plwKummet hung againſt two * windows by day, or two 
6 candles by night, may do. Set the ſtand nearly in che line 
zoining theſe two objects. Set o on the Vernier to O on the 
limb of the octant, "fla the index, and then place the octant 
3 upon the two points on the and, making them enter the 
| Conical holes in the heads of the ſcrews aforeſaid. Turn the 
ſtand about in its own place, till you fee one of the objects 
by direct viſion through the unſilvered lit in the horizon 
glaſs; then look in the ſilvered part for the reflected image 
of the other object now behind you. If the direct and reflected 
Objects do not coincide, make them do ſo, either by ſhitting 
tue place of one of the objects, or by ſhifting the ſtand itſelf” 
acroſs the line joining the objects. When the direct and re- 
flected images are thus made to coincide, then turn the octant 7 
half round, placing the ſcrew of the index glaſs upon the 
point which before ſupported the horizon glafs ; and contra- 
1 riwiſe. See if the objects now coincide ; if they do, the 
 Horizon-glaſs is truly adjuſted ; if they do not, by means 
of the adjuſting lever bring the object ſeen by reflection 
bhaalf way towards that ſeen directly. Then move either one 
of the objects, or the ſtand itſelf, ſo as to make the two. 
objects coincide perfectly. Turn the octant again half round, 
placing it on the points as at firſt, See if the objects, viewed 
as before, again coincide; if not, repeat this operation till 
they do, and the horizon glaſs will be perfect) atufted, 
KF 73. In making this ad) ſuſtment care muſt be taken, ff, 
dat the objects lie in the lane of the octant, and, if lines 
43 wvitha Pet are uſed, the plane ct tae octant ſhould be 


2 | 5 — © 5 placed 


26 Or ADJUSTING THE GLASSES, 


placed nearly level, otherwiſe the lines, when ſeen by the 1 
octant, cannot be made to coincide perfectly, but will always 

ſcem to crols each other. But bade, when the objects are 

1 within a few feet of the octant, particular care rault be taken 

that the reflections be always made from the middle of the 

claſſes, eſpecially the rellection from the index 55 a 18 

3 be ſure of this, cut a card to fit the inſide of the frame that 

2 holds the index claſs fo as to bed flat againſt it. Acrofs the 

riddle of this card, draw a black line, ſo that, when wy ; 
card is apnited cloſe to the index glaſs, this black line may | 


Rd 
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be pergenc iicular to the plane of the octant. This lin, „en 
che card is fo applied, may be ſeen by rs „Om the 
horizon glafs. It will be caſy, by twiſting the tat oY about 


e ee 
and ſhifting the place of the eye, to make this black tne and 
the object ſeen directly to comcide, and cha- in cite very 


middie of the horizõꝶt glaſs. Take away the cd, and then, 
if the image of the other object be made to coincide with 
that ſeen directly, it muſt be by reflection from the middle 
of each glaſs : otherwiſe a thread may be ſtretched acroſs the _ 
middle of the index glat., perpendicular to the plane of the 
octant, and another thread | in like manner acrols the middle 
of the horizon glaſs. By twiſting the ſtand rod, and 
Fplaci ing the 8 properly, both object may be 1 ade o CH- 
cide with eac!; other, and with the threads in the middle f 
each glaſs; and then it wit} be of no conſequence 1 near 
the objecꝭs are to the octant. In this me: thed. it is belt to 
obſerve with the left eye. 1 „ 
74. If in che ſecond method by diſtant objects, par. FR 
the octant was to be placed on a ſtand in the manner here 
deſcribed, that a huſtment would be more perfect, and che | 
ment * all the methods here laid down. —— el] 
Method third, fir ft finding tle index errer, 9% be uſed \ 
*. bin i deor Ul Proceed juſt as before | in par. 72, only inſtead _ 
of turning the aujuſting lever to make the object ſcen by 
reflection move half way towards that ſeen directiy, turn the 
index itſelf. When the two objects are at laſt made to coin- 
cide in both poſitions of the octant, the index will then ſnow 
on the limb the index error, which is to be added if this error 
be ſhewn on the quadrantal arch, and ſubtracted if it be ſhown 
en che arch of exceſs, See the latter end of par 65: 


76. Method 


OFADJUusTING THE GLASSES. 27 


76. Method fourth, fer the adjuſtment. Leok out for two 
objects that ſubtend an angle of go degrees, or near its adjuſt 
the horizon glaſs for the fore obſervation by par. 52, and, 
looking through the foreſight vane, at one of thoſe Objects 
directly, turn The index till the reflected image of the other 

object coincides with it, and mark the degrecs and migutes 
ſhown on the limb. Set the index to ſhow that number of 
degrees and minutes by the back obſervation: | hat is, ſet 

| the index fo as to ſhow, by the figures on the limb the 
| ſupplement of the number of degrees and minutes before 


. N 


— 
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own in the fore obſervation, (ice par 24). Then. looking 
chrough the back-ſight vane, ſee if the fame two obj.E5 
coincide in the back horizon glaſs ; if not, turn the ad juiting 
lever of this glaſs till they do coincide, and then this glals 
alſo will be Sn pe, 
27. Methed four , fer finding the i ab error, Having 
ond two objects that ſubtend an angle of 90 degrees, 
br a few degrees over or under as before, take the exa & angie 
between theſs objects by the fore obſervation, making due 
4 E e for the it adex error according to par. 54 or 56. 
SS Aczia, take the angle between the fame objects by the back 
f „ eee and the differ rence ot theſe angles ſo taken is the 
index error in all back obſervations, and is to be added or 
ſubtracted as the angle taken by the fore obſe vation (when 
properly corrected) is greater or leſs than the angie betucen 
the ſame objects taken by the back obſervation. | 
78 The laſt method ſuppoſes the whole octant (or the . 
extent of 90 degrees on the limb) to be an exact eighth part 
of a circle. The former methods of adjuſting che horizon = 
_ glaſs depend not at all on the diviſions on the limb, and the 
* mcthods of finding the index error only ſuppole the div ſions 
di be true for a very ſmall extent on each ſide of the point: 
from which they begin. In the fo: mer metho s the obſc: va- 
tions are made when the index is near o, where the fieia of 
the inſtrument is the greateſt, and the objects eaſieſt found; 
in chis laſt method the obſervations are made when the index 
is near 9 degrees, where the reflections are very oblique, and 
tae field ſmall. It may be re marked too, that the object, 
which is ſeen directly in the fore obſervation, will be fren 
by reflection in the back obſervation. This! is an incon\ 
. ence 
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nience, if both objects are not equally bright. By holding 
the octant with its face downwards in one of theſe obſerva- 
tions, each object will be ſeen by the ſame means in both; 


but! it is troubleſome to hold the oftant in that politi on. 


* method of e ins the Bock Bete 5 laß, and of 


finding” the error of that adjfuffmont at SE 83 


79. 70 450 þ F015 lake Set the index ſo as to ſhow, on . 


the arch ot exceſs, double the angle of the depreſſion or dip 
Of the ſea horizon. Then holding the octant in 2 vertical 


plane, turn the adjuſting lever till the edge of the fea, ſeen 


In the {ilvercd.parc of the glaſs, coincides with the eve of 


rhe {ex ſeen through the tranſparent ſlit of the horizon olafs. 


3 the achufling Icver in that Place, and the octant is ad- 


juſted. 
80. In this poſition of the octant, the "abject ſeen by re- 


flection, which is behind the obſerver, will appear. to him to 
be before and inverted. Thus in the pretent inſtance the 
water will appear 2 above and the ſky below. If the two edges 
of the ſea (that ſeen directiy and that ſeen by reflection) 
cannot be made to touch all along, but croſs each other, it 
is a ſign that the octant is not held in a vertical plane. Its 


poſition muſt be altered, till the two edges of the ſea {6 ſeen 


ne parallel, and then the ad;ull ting lever ill bring chem to 
touch all along. 


Wi; If the index glaſs and 8 glaſs are too near 4 
other, the head of the obſerver will be 1 in the wav. The bet 


- conſtruc ction of this octant will not allow the obſcrver to have 


his hat on, or any thing high upon his head. 
82. To fnd the index error. Hold the oftant in 2 vertical 


plane, the. index glaſs being uppermoſt as uſval. Turn the 
index till the two edges of the ſea (one ſeen directly and the 
other by re tection) meet each other and touch all along; then 
mark the degrees and minutes ſhown by the index on the limb. 


Invert now the octant, ſo that the arch may be uppermoſt, 


but the index glaſs and centr e of th e inltrument loweſt; hold 


* 3 2 table ef tHe © depreſſion or alp of the 11 33 of the ca, amor g the t tab lea 
5 5. ing to the Nau. ical } Ephener:s, pubinncd by order of the Commiſdoncrs of. 
TP 7 
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ing the arch with your left hand, and ſupporting the lower 
part of the octant with your right, yet ſo as not to touch or 
ſnade any of the glaſſes with your N Let the face of the 
Ortant be turned towards you, but keep the plane of the 

oFant vertical. Incline now your head ſidewiſe till you — 


\ 


Your right eye down to the ght vane, and, looking through 


os . 


move he index by the left hand till the two edges of the | 


ca (ch that ſcen d q lirectly and that by reflection) agree as before, 


An again mo. rk the degrees 1 11d minutes ſhown. on the limb; 
Halt che nce of theſe two arches 1s the index error, * 


The index error fo found is to be added or ſubtracted accord- 


ing to che directions in par. 65. 


'$3. That rule given in par. 65 holds good | in taking diſ- 


0 between the heavenly bodies, or in taking angles 


between land objects; but in ons fort of obſervation, namely, 
taking the ſun's lib ud by the back obſervation, the index error, 


found as before, follows a contrary rule. It is to be ſub- 
trated from the ſun's altitude, when the portion of the 
_enarrantal arch exceeds the portion of the arch of exceſs: if 
contrariw iſe, this index error is to be added. The reaſon of 


this is becauſe the figures engraved on the limb immediately 


ſhow the ſun's altitude in the back obſervation, * as they 5 


do in the fore obſervation. See par. 25. 


94. It may be of ſome uſe to ſuſpend the octant by' a line 
« ed round the arch. This line bearing the weight of the 
tant, it may be more eaſily guided into the proper poſition 


5 y the light hand, while the index is ſet by the left. If the 


Ibſerver chuſes to make uſe of his left eye rather than the | 
right, then the back of the octant muſt be held towards him, 
and whatever was before directed to be done with the right 


hand muſt now be done with the leit, and contrariwiſe. 


It muſt be confeſſed that this method of finding the index 


I error} is rather troubleſome. Poſſibly that before deſcribed, 


r. 75, may be put in practice on ſhipboard. If no other : 


ani can be practiſed, the mariner may take the ſun's meri- 
lian altitnde by the back obſervation immediately after he 


s cot ne his for obſervation for the latitude. When 


all the © neceſſary corrections are m ade, except that for the © 


One fourch of che lum of the ſet VO arches i is the i dip of the ſea hk” | 


index 


* 
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— 


index error ſought, then c mpare the ſun's true altitude 
deduced from the fore obſervation, with the like reſult from 
the back obſervation: Their difference may be conſidered as 
ariſing wholly from the wrong poſition of the back horizon 
gals, "and may be applied acc -ordingly to correct this latter 
obſervation of the ſun's altitude. This correction mutt be 
applied contr ariwiſe in taking diſtances between the heavenly 
ij; bodies, as was before remarked, Ps 83. 
To ado the place g / the fight * VOCs, an other farts of 


the 0 Tant. 


8 5. We Allem find the fight vanes ha exactly in their true 
place. Their true Place 1 15 that which gives the largeſt field. 
This depends on the placing of the index « olaſs upon the index, 
and the point of the limo irom u hene the diviſions take their 
beginning. We ſhall ſhow u the retaod of Ending the true 
0 place of each fight vane, UNE the index glass to be 

already fixed on the index, and tic 5 'nt from whence the 
diviſions are to commence to be aucady marked upon the 


Jn. Secondly, To find the point of the limb from whence 


the diviſions ought to take their beginning, ſuppoſing the 
place of the vane determined, and che index glaſs fixed on 
the index. Th:rd'y, How to fix the index glaſs properly 
upon the index, ſuppoſing the ſight vane a read placed, and 
the point determined from vchence the diviſions are to begin. — 
65. Nor dne firit, achuit the index glaſs by par. 44. Set. 
the inde: co tlie beginning of the divitions. Find the place of 5 


Ld 


the light vane ncar y i which vou Wil ca iy do by moving the 


eye zbour tri! You can ice ſome objec ry by che double reflection. 
Adjuſt now the horizon glaſs exactly by par. 49, 52; then 
mit the li ht vane till the center of the index glaſs is ſeen by 
reflection from the middle of the horizon glaks, and that will 
be the true place of the fight vane. : 
87. You may ule the adjuſting tool, fg. 19, ſee par. 1 
by * ot a moveable ſight vane, and you may ttrecca threads 
acroſs rhe index and horizon glaſſes to diftingulfa their middle, 
as was propoſed par. 73. But the welt way is as follows. 
Firſt turn the index to 90 degrees, ſo that tae whole frame 


of the index glaſs may be ſeen; as an object by reflection from 


the 
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the horizon glaſs: then turn the index gradually back again, 
and at the ſame time {kift the place of the ſight vane till the 
reflected image of the frame of the index glaſs juſt fills up the 
whole area of the horizon glaſs; the two ends of the frame 
of each glaſs apparent y coinciding and the ſight vane will 
then ſtand in its true place. ; 
Ihe place of the ſight vane for the back obſervation: ught | 
to be — very exactly, becauſe the field is gene: 2: very 
mall. | | 
88. For the Ad p poin: propoſed, Turn the fore horizon 
_ pials by the acting | icycr till the center of the index glaſs is 
3 through che fore- fight vane, by reflection Fc. T1 e 
middle of the ho izon giais, or till the reflected i image of dite 
frame of the index glaſs can be made juſt to fill up * the grea _ 
che horizon glaſs as before. Turn new the ind nil the 
reflected image of ſome diſtant object n .I wah that 
object itſelf as deſcribed in par. 52, and that will be the place 
of the index at the beginning of the diviſions. This found, 


the point from whence the diviſions oughtTo commence may 


be eaſily marked on the imb. T! his point might have been 


determined from the affumed place of the back- ſighit vane, 5 


but it is 12 to determine it from the place of the fore-ſichr: 
ant, and then to find ci Place of th: e back-light t Vane flora 


55 thi s point ſo deter mincd. 


89. The common cctants are, I believe, as by one 
workman, and then ſent to andther to be graduated; per- 
haps without marking cut where. the diviſions ſhould be Ain.“ 


If he who gra duates che arch ſhould happen to begin at ſome 


_ diſtance from the proper point, (which depends upon what 


the former workman has done) half the field may be loſt : 
when the index ſtands at 90 degrees. , 
9o. For the laſt point propoſed, ſct a Gne pin upright on 
the index and in the center on which it turns. Move the 


fore horizon glaſs by the adjuſting lever, till this pin is ſcen 


by reflection from the middle of the horizon glaſs. Set the 
index to the beginning of the diviſions; then placing the 
index glaſs upon the index with its outer ſurface cloſe to the 

pin, turn the glaſs about till the reflected image of fore 
diſtant object coincides with that object ſeen directly. Draw | 
now a line upon the index along the 2 ſurface of the 
glais. Draw alſo another Une on che index Rn” the 
UrL.ET 
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former, between that and the index glaſs; and diſtant frorti 
the firſt line by two-thirds of the thickneſs of the index glaſs; 
and this laſt line will give the true place of the cuter ſurface of 


the index glaſs. 


Otherwiſe. Having drawn the firſt of thoſe lines before 
mentioned, deſcribe a circle upon the index whoſe center is 
the point on which the index turns, that line being a diameter. 
Draw alſo ſeveral radii making equal angles re/tefZ/vely with 
that diameter. Then if the index glaſs be placed upon that 
diameter, and be moved a little backwards al e : 

rallel to it, you will ſee in one fituation each of els ray 
united with the reflected image of its corrcfforgiar ra 
ſo as to make one continued line forming io many Hννẽters 
interſecting in one common point. Draw now 4 {ine upon 
the index along the outer ſurface of the index glass whei in 
this poſition, and that will be its true place, „ 

Having found the line on which the outer ſurface of the 


index glaſs ; is to be placed; lide the glaſs along that line til! 


its middle is ſeen by reflection from the middle of the horizon 
glaſs, or till the frame of the index glaſs (conſidered as an 
- {een by reflection from the horizon olats, can be made 


to fill the area of the hort iz2on glafs in the ITIAILET beiore 
deſcribed, * . 


Kale for nfo ing an Ce ant. 


95 The foregoing rules ſi ak ſome circumſiances i in the 
| oftant already determined on which thote rules ate founded. 
No very preciſe rules can be given for letting out an oCtant 
intirely from the beginning, bur the general principles upon 
which it ought to be conſti ucted may be laid down. Now 
one principle is, that very oblique rellections from the mirrors 

ought to be avoided. For this reaſon the center of. the 
horizon glaſs ſhould be placed, as near as poſſible, in a line 
_ drawn through the center of the index glaſs, and perpendicular 


- to its ſurface when the index ſtands at the beginning ol the 


diviſions, I ſay as near as 7offible; for the horizon glaſs 


cannot be placed in this very line. In ſuch a caſe it would 


ſtand between the index glaſs and the object which ſhould be 
feen by reflection, aud to tkreen chis object from the ſight. 


The 
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The horizon glaſs itſelf ought not to be ſeen by the double 


reflection, and yet ſhould be but juſt out of fight. Accord- 


ingly, when the index is turned a little way off the limb, the 


fore horizon glaſs ſnould be ſeen by its own rellection, but 


not while the index is on the limb. 


92. The place of the fore horizon glaſs being. once Ar- 


ane „its poſition, and the poſition of its axis of viſion, 


follows of courſe. The former mult be parallel to the index 


glaf: when the index ſtands at the beginning of the diviſions: 
By the latter, nainely the axis of viſion, will be found by ſup- 
pooſing the line, joining the centers of the two glaſſes afore- 
aid, to be a ray incident on the ho izon glaſs; for the 
bh reflected ray is the axis of viſion, agreeably to par. 18 and 86. 
93. To place the back horizon glafs properly is a critical 
| buſineſs. Care muſt be taken that the fore horizon glaſs 
does not intercept the rays paſſing between the index glaſs and 
back horizon glaſs; for which reaſon this glafs cannot ſtand 
in the line drawn through the centers of the other two glaſſes, 
but on one ſide that line. And it muſt ſtand the ſame way 
from that line, that o on the limb ſtands from go; otherwiſe _ 
this (back) horizon glaſs would intercept the view of ſome of 
the objects which ſhould be feen by reflection in the fore 
Horizon glaſs. The nearer the back horizon glaſs ftands to 
that line, the more oblique will be the reflections at this 
glaſs, and the leſs oblique the reflections at the index glaſs. 
: The latter is of moſt conſequence, becauſe of the great 
length of the index glaſs, neceſſary to take in a moderate 
field, when theſe reflections are very oblique: therefore 
= though the back horizon glaſs ſhould ſtand on one fide 
the line before mentioned, to clear the fore horizon glaſs, 
pet it ſhould be but juſt clear of it. The back horizon 
glaſs muſt be ſo far diſtant from the index glaſs that 
the head of the obſerver may not be in his own way; 
and no more: for the greater this diſtance the leſs will be 
the field. The back kc:1zon glaſs always ſtands at right angles 
to the fore horizon glaſs, whence the poſition of 8 
5 of viſion may be determined a as $ before, . 925 at the end.. 


94. The 


„ T+ may be convenient ſo to place the index -x glaſs upon tae 1 that i its s plane 
continued may cut the index down the middle. The weight of the index, when 


turned off the limb to adjuſt the index glais, (per. 44) will not then alter the 
inclination of that glaſs to the plane of the octant. 


+ It may not be amiſs to fg: down the f loving mathematical rules, omitting 
their demonttrati 9a. 
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94. The foregoing rules being conſidered, the plan of a 
good octant will be found to lie \ within narrow limits. The 
deſign firſt publiſhed in the Tranſactions, Nr. 420, and 
generally followed ever ſince, will tcarce adi ot any 
alterations. Hadley ſcems to have underſtood the theory 
ſo B and to have conſulted p. ctical convenience 
ſo fully, that notwithſtanding the pretenſions of ſeveral, no 
real improvements have been made * the. way of placing 
the glaſſes or in the general conſtrusti. n of the inftru- 
nent. VF 
95. It max be of ſome lc ro give here the 5 -oper diſtances 
between the ſeveral glaffes, for anv octant {iris vn rh To 
admit of the back obſervation, and Keul the teyoral 
of incidence at cach mirror.“ 


ae 
15 
{Ut 


1. In the fore obſervati on, the an gl E be tv. en the rr: wy. gin 


| the. 1;idex 
glaſs and that ray after two reflections, is double the 32H, ul l. „t Tue Laces of 
the ſpeculums 3 and this is the an gle ſhown on tlie ib, wing the glattes, are 


perfectly adjuſted. This is likewiſe the angle which tic (Goubiy} reflected image 
of any object makes with that object itfelf; and if that reflectc: i im age coincides - 
with ſome other object ſeen directiʒ through the tranſparent part of the horizon 
_elaſs; then thi: is the angle which the object ſeen by reflection and the object leen 
| throu:;zh the glaſs would ſubtend to the naked eve, placed ot the interſection of 
the incident ray with that ray after two reflections, — 4 lee dutierent e of 
khe ſame quantity are here noted once for all. Ys | 


2. In the back obſervation, the angle between err. nencen' cn the in os clas 
| 204 that ray after two reflections is double the my pleniznt (to 1f0 6 yy of the 
angle which the faces of the ſpeculums mute with © oh G DINER. And this 15 the 
angle ſhown on the limb if it be read eff by the rule in pur. 24. | | 
3. The angle which the line, joining the centers of os index claſs. and fore 
| horizon glaſs, makes with a porpencycutay to the index glats, when the inde: 
ſtands at the beginning of the divifons, is cqual ro the angle of incidence on th- 
index glaſ; in that poſition ; > IN nd this 1 is the conſtant angle of incide ce on the fore 


horizon olis 


4. The angle of incidence on the nds claſs, whe the index. Glands at 99 
degrees, excreds tue former angle by 45 degrees. 


5. In the back ohſerb ation, the angle of incidence on the index glaſs is greater 
than the angle of incidence in the fore obſervation (the inde: ſtanding ar the ſame 


place) by the an zle which the centers of the two Iclier mirrors  tubtend at the 
center of the great one. ng | | 


6. The angle of incidence on the 3 horizon glaſs 15 confantly the 3 | 
ment (to 90 degrees) of the ſum of the angle of incidence on the fore horizon 


Slaſs, and the angle which the centers 0 the two leſſer mirrors ſubtend at t the | 
center of the great one. | 


7. The angle which the two axes af Lide (for the fon * back OUTS on) 
wake with each other, is equal t to that which the two lefler mirrors ſubtend at the + 
ceniicy of the great one. 


* The wle of incidence are : reckoned from the | c ndicular. 
1 erp Inches 
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| Inches 
Dillence of the center of che index glaſs from the center of the fore 
horizon -. Tw We Ws 2 Oe To ON ons ee . 41 
Center of the i index glaſs from the center of the back horizon glas 6 
The two horizon ol: fles from = IL 8 
Lenz Sth of rhe ind lex glaſs q 8 24 
of the fore norizon glu if's eh ad d DN IO OO 1 
of the back horizon glals == len nt nh. 1 
5 | e 
The angle which the two W glaſſes ſubtend at the index „ 
Angle of i in th lenge on the 1; adex 71415 in the fore obſervation, "the index | 
_Randing ut the beginning of the di vilions. Alſo the conſtaut angle of 
incidence an the fore horizon The >... i 36 
Angle of incidence on t! e index glaſs in: the fore obſervati on, Q e index | 
| Kandins a at ge degreesluv 69 10 
The former of thetc angles! in the back ob ſervation- „„ % 
The latter of theſe angles in the age? oDErvation:- <=... 7 8 
The conſtant angie of inciden c on the bach. horizon glass 62 eo 


| OF. the Matians of the 80 bed Image. 


96. We mall here deſeribe the motions of the reflected 


image, while the octant is turned round ſome of the principal 


| r 
lincs boch per pendicular and parallel to its plane. 


97. And firſt ſuppoſe the oftant to be turned round the 


2448 


common interſection of the two reflect: ng planes, which will 


be a line perpendicular to the plane of the inſtrument, and the 
inſtrument itſelf will then move in its own plane round that 


axis. In this caſe the reflected image of any object will be 


perfectly at reſt. Let this image coincide with any object 


teen directly, and they will conſtantly ſtick together . be 
united notwithſtanding this motion of the octant; and that 
whether the object be near or diſtant, and whatever be Or 
inclination of the refle&ing planes to each other. This is t 

| grand principle demonſtrated by Hadley, Philoſoph. Tra: 2 8 
5 Nr. 420. Almoſt all other writers have ny. tranſcribed 


* paper word for word, * 15 
E 2 Y 99. Secondly ” 


* Smith's Optics. Obſers aciones Aftronomieas, ce. por D. Forge Juan y D. 


Antonio Xe Ulla. 


If two looking-glaſſes be joined together ſo as to Form an acute angle, and : an 


| object be p laced between them, a ipectator will ſee 4 number of images of th 
object in each glass, all placed in the circumference of a circle whole center is in 


the common ſection of the two glaſles, and whoſe radius is the ditt. ance of the 
object from that ſection. Thee images are formed by an odd and an even 
number- of reflections alternately. Thus let the glafs into which vou look be 
called 4, and the other B; then the firſt image is formed by the reflection f 


only. The next image is formed by two reflections, firſt from B and then trom 


A, The third image is formed by three reflections ; ; firſt from A, and then fon 
| | | | B, 


98. Secondly. Suppoſe the octant turned round ſome other 
axis parallel to the former and therefore perpendicular to the 
plane of the inſtrument. In this caſe diſtant objects, ſeen by 
reflection, will have no mocion at all; the reflected image ot 
a near object will have a {mall motion to parallel to the plane 

of che octant, but will keep its poſition parallel to itſelf. 
99. Let now the axis of motion be parallel to the plane of 
the octant, and firſt ſuppoſe the axis of viſion to be the axis 
of motion. Then in the fore horizon glaſs if the reflected 
image of any object, whether near or diſtant, be made to 
coincide with that object ſeen directly, it will ever remain 
at reſt; the direct and reflected images of that object being 
perfectly united in every poſition of the octant. If the re- 
flected image be ſeparated from the object by moving the 
index, the image will then deſcribe a circle whoſe center is 
that object itſelf, and it will move the ſame way and with 
the ſame angular velocity that the octant does; but the re- 
flected image will keep its poſition parallel to itſelf and to the 


100. Hence, in the vibratory motion of the octant round 
the axis of viſion, the reflected image will defcribe an arch of _ 
a circle (to and fro) convex towards thoſe objects that lie at 
a greater angular diſtance from the original object than its 
reflected image does, that is ſuch as are further diſtant than 
the angle ſhown on the octant.“ In this vibratory motion 
the image kezps its poſition paraliel to itſelf, and it croffes 
the plane, paſſing through the axis of motion and the object, 
at right angles. ; e 


B, and then from A again, and ſo on. If now the two glaſſes, keeping their 
inclinatioa, be turned round ther common ſection as an axis; the! images will 
alternately move and be at ret. All the images formed by an odd number of 
_ reflections will move round their common center with double the angular motion 
of the glaſſes, hilt the images formed by an cven number of reflections wil 
remain perfectly fixed OE 7 „ gs | 


Tais experiment is not only entertaining, but ſuggeſts an eaſy proof of the 
property of the octant here mentioned. For when the number of reflections i: 


ere 


ever, the diitance of any ef thoſe images from the original object, meaſured L 
along th; circumference of the circle in which they all ſtand, is equal to the arch 15 
(of that circle) intercepted by tke reflecting planes, multiplied by the number of | 
reflections. Therefore as the quantity ot the inter cepted arch is not changed b 

tte common motion of the planes round their angular meeting, the diftance gr | 


none of theſe images from the fixed object will be altered, and eonſequently the: 
will all iemain at reſt; and among them, that formed by two ref 


le ctions only, 
See the note on par. 93, Nr. 2. = 


101. In 
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101, In the back horizon glaſs, when the index ſhows 180 
degrees and the glaſſes make a right angle, if the oftant be 
turned round the axis of viſion, the reflected i images of the 
ſeveral objects behind you will deſcribe concentric circles 
round the axis of viſion, and the common center of theſe 
circles will be that objecʒ⸗ before you, to which the axis of 
viſion is directed, or that point of the reflected image which 
coincides with chis object. The whole reflected image there- 
fore changes its poſition juſt as the fails of a windmill do. 
The motion of this image is the ſame way with that of the 
octant, but has double its angular velocity. When the plane 
of the octant is horizontal, this reflected image is upright ; 


when the octant has been turned round 90 degrees, ſo as to 


come into a vertical plane, the reflected image will — be 
turned round 180 degrees, that is it will be inverted. . 
1̃02. If the index be removed from 180 degrees (ſo 2 as to 
increaſe the angle between the ſpeculums) and the octant be 
made to vibrate about the axis of viſion, the reflected image 
will deſcribe the nich of a circle convex towards ſuch objects 
as are further diſtant from the original object than the angle 
mon on the octant, reckoning that diſtance the ſame way 
that the image is removed from the object. The image in 
tlus caſe will continually change its poſition, and it will croſs | 
at right angles a plane paſſing through the axis of motion and 
he original object. e 
3 Let the octant be mae to > vibrate * an axis a 
little inclined to this axis of viſion, but in the ſame plane as 
before; for inftance, let it be made to vibrate about the axis 
of viſion belonging to the fore horizon glaſs. Let the index 


ſtand at 180 degrees as before, the reflected i image, ſeen in 
the back horizon glaſs, will deſeribe an arch of a circle whole 


center will be that object to which the axis of motion is di- 
tected. If the index ſtands at any other place, the reflected 
image will deſcribe an arch of a circle convex the ſime way 
as deſcribed before, par. 102. In both theſe caſes the image 


_ changes its poſition as well as its place. In theſe vibratory 


motions, tae angular velocity of the image depends on the 
, P/ace ot the index. At go degrees it is nearly equal to that 
of the octant, at 180 degrees nearly double. 85 
104. Let now the axis of motion be perpendicular to the N 

axis of * bur Parallel t9 the plane ot che octant, and let 


the : 
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the index ſtand at o in the fore obſervation, that is at 180 in 


the back obſervation. Then in the fore horizon glaſs the 


reflected image will have no motion. In the back horizon 


laſ the reflected image will turn round the axis of motion 
th double the angular velocity of the h ctant. In this laſt 
caſe the image will keep! its poſition parallel to itſelf. Thus 
if the octant © be held in a vertical; Fane, and the image of a 
ſteeple behind you be ſeen in tlie back horizon olafs 


will be carried round the * hs iT teopie will indeed 
appear inverted, according to par. 101, but will keep that 
_ poſition, and move parallel to ite]? —_ the horizon. 


105. If the index ſtand at 90 de. -rrees, and the oftant 
be turned about the foremention ed AX15, the reflected image 


Will be carried round the axis with the angular velocity of 
the octant, and the poſition of the image Will. Hcwiſe be 
changed Wich the fame a 1Tuldr velocity. 1 hus let the plane 


of the octant be held horizonc:' „ ad the index {ot at gd: -- 
degrees; 5 t the octant be turned dl an a 18 parallel 15 


to the horizon, but petpend cular to die a.tls of viſion. Then 
1 


the reflected image of a ſteeple, w. aber icen in the fore or 


bac horizon laſs, will be canned round the axis of motion, 


10 that when the octant has deſcribed go degrees, and is come 
into a vertical plane, the ſteeple will appear either in the 
Zenith or Nadir (according to the direction in which the 
oOctant is turned) but inſtead of being erect the ſ-eple will 
wh ar para! Hel to the horizon. In intermediate pla- es of the 


ndox the image will partak e more or Jeſs of thoſe mot 
which it has w hen the index is at either extremity of the arch. 

106. The ſeveral axes round vchich the oftant is ſuppoſ cd 
to vibrate in the lift ſeven paragraphs are all luppoſed to be 
Parallel to the . of the octant, but to paſs through the 
axis of viſion, interſe king it at different angles. Ik, inſtead 


of this, we Ane the Heveral axes of motion to lie in the 


25e 
N Im 


Plane e of the octant itſelf, and to be reſpectively. parallel to tig 
feveral axes of motion in the f. tortmer. caſe then the aP rent 


motion of the 5 reflec ted image 1 in each Cale 111 DC the lame 
as betore, provided the & igginal object be- not tod near tlie 
octant. : | - : 


"FITE 


oe Fa 


the octant be turned about the form: lore 2xis, that image 
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_ govern the index. Place the th umb. af the right 8 in IT aguln 
the edge of the octant, under the fwelling part of 


fore- Goht vane ſtands, and exten- | your fingers acrots it back 


The APPT, [CATION of he OCTANT 
to ſeveral PURPOSES. 
OY 


General Rules in nating Oder vation. 


Directions 5 oro fo | bold the Inflrament. 


107. The beſt way of holding. the WRT 18 to fupport its 


114 — 


weight chiefly by the right hand, and to reſerve the cf: 20 


4 * 
„ — 7 
7 $$ i\. 11 1 * 


1. 840 X 


of the octant ſo as to ay tout on the oppoſite edge, P: ieing 
the fore finger above and the other fingers below het LVL 


part on which the fore horizon glafs ſtands. Thus you may 
ſupport the inſtrument conveniently by the right hand only, 


_ eſpecially when in a vertical poſition. By reſling the thumb 
of the. left hand a: zainſt the ſide, or the fingers againſt the 
middle bar; you may draw the index either to or from vou 
_ gradually ; hut if the les is furni ſhed with an adjulting 1 

Icrew Jou will be abe iv ict it more exactly; ſtil more ſo © 

__ the octant be ſupporred | by a ſtand. In taking the diltance 

of the moon from the fin or ſtars to find the lonxirude at ſea, 

the weight of the inſtrument is req; .cnrly luppor ted by a ſtaff), 
che bottom of which reſts on a belt, or in the waiitcoar pocke: 

of the obſerver. At the top of rlis ſtafFas a ball and locker, 

upon which the inſtrument is ized, and by means where 


48 cot ic 
can be readily put into the proper plane for obſerving. 


The foregoing directions relate to the fore obſervations. 


You muſt- hold the inſtrument in like manner for the back 


obſcrvation; only here you ſhould lupporr che inftrun nent * 


the left ha: iy and Dorn che inde * by the right. 


; Of : the proper POLY 712 2 ak; ac! ler atlas are be be 8 


made, 


108. In all obſcryations care muſt be taken to > hold the 
. 3 in the proper plane, namely the plane which paſles 
through the eye of rhe oblerver and the two objects; ; that | IS, 


in 
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in ee obſervations, in the plane of a great Circle 
_ paſſing through the two objects. It is not eaſy to know in 
all caſes when the octant is exactiy in that plane. One 


neceſſary caution 1s to make the union of the two objects | 


(or, as we may more properly call it, the union of direct and 
reflected images) in the proper part of the horizon glaſs, and 


then, if a tube of conſiderable length be uſed to direct the 

_ fight, the poſition of the octant cannot be very faulty, Now 
the union of the direct and reflected images in the horizon 

glaſs, ought to be made in a line para allel to the plane of the 


oOctant, but paſſing through that point of the £7. "as to wh en 

the axis of the tube is directed. If a teleſcope be u £4 „this 

union ſhould be made in a line drawn croſs the e - of the 
lei 


field parallel to the plane of the octant. And a iletcope is 
of uſe not only to diſtinguiſh the contact or union of the 


images more perfectly, but likewiſe to find by the piace of 
this union in the field, whether the octant be held in the 
Proper A 

109. Such a ſtand as was ; mentioned | in par. 31 is likewiſe 


of Erice for this r rpoſe. Let the prone of the 905 ant e ſet 3 


ferews 7 7. Let the whole d de Farms round the ai: © 6 if 
you then ſee both objects ſucceſſively through the be or 4 
teleſcope by direct viſion, tl tae octant muſt of courie be in the | 


| proper plane 


-* $30: Making the 3 * 3 PEP axis of fea 


(or any other axis parallel to it) affords a way of knowing 
when the octant 1 IS he! d Property, 1 25 will be exp! ined here- 


after. 


whether the part of the horizon en | by reflection coinci des 


with, or is parallel to that part of the horizon which is { oy 
directly. If the two horizons croſs cach other, the plane of 
the octant is not level. A fimiiar circumſtance, and equally 


uſeful at ſea, will be taken notice of in its proper place. 


112. In order to Judge of che importance of holding the 
_ oftant in the proper plane, take off the ſight-vane, place 8 
the eye either above or below its proper height (to which the 
ſight-vanes guide it) ſo as to look at the middle of the horizon 
5 glals 1 in a di ELON oblique © to the Pon of, the octant. By 

; inclining 


111. Azciher e peculiar to . back obſe vation, but 
| very uſeful in taking horizontal angles at land, is to obſerve. 


a. 
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inclining the octant, and moving the index, you may cauſe 


the images to be united i ia the- middle of the horizon glaſs, 


notwithſtanding you look obliquely. . Fix the index and 
note the angle. Put on the fight-vane; and holding the 


octant in the proper plane, you will find! the images will 
not now be uniced. Bring now the 1mages togetaer, and 
again note the angle, and you will find thar the ande in 
the former caſe will exceed the angle in the latter by many 
minutes, in ſome caſes by a whole degree. The ſame naß 
be done with the fight vane in its place, by looking ob 
liquely upwards, ſo as to get the union of the 1125's to 
the top of the horizon glaſs ; provided one of the obj-&s 
be bright enough to be ſcen by reflection from the tr rant- 
5 parent part of che horizon glals. 


| of the vibratory motion 75 be given to the offant at the 


time of 0. — * in 


: : a 
5 


' When the i images are brou Zht Wal into contact, = 


4 18 8 Uefa to {wing the oct int to and fro round the axis of . 
viſion, or ſome line parallel to it. If yuu Hold the octant 
as before directed, (par. 107,) you may ealily turn it about 
between the fingers and thumb of the right han l. By this 
means the reflected image will be ma Ade to vibra e back- 
war\ls and forwards acroſs the plane of the initrument. It S 
is often eaſier to diſtinguiſh whether the images coincide in 
_ paſſing one another, than by bringing them together While 
the octant is held ſteady Thus, in takin: the diftance of 
two ſtars, this motion of the reflected ſtar will make on the 
eye the impreſſion of a dine of bright fire, which impreſſion 
will remain ſome time. It is caſ/. to judge whether this 


line paſſes through or at a diſtance from the they {lar ſeen 
directly. 5 ES 


114. In taking e of the 4. or moon, © the 


fea horizon, from the ſtars, or from each other, this vibra- 
tory motion of the reflected image of the ſun or moon 
ſerves to diſtinguiſh that part of their limb which is the 
neareſt. or ena from the other object; it is always the 


diſtance of one of theſe two points which is to be meaſu- 


red. This will be further explained when we treat of thele | 
obſervations in particular. 
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* 


Luagſtly. this vibratory motion is of ſome uſe to find 
11 the octant be held in the proper plane. The tra- 
ces of the arch, deſcribe] by the reflected image in its vi- 
bratory motion, will remain in the mind even when the 


octant js at reſt; and this arch ought to be perpendicular to 
the plane of the octant, when it is in that poſition | in which 
the images appear united, or paſs by each other in their vi- 


bratory motion. 


116. In ſtrictneſs the two images cannot appear to coin- 
cide or be united perfectly, unleſs one of the objects be 
bright enough to be ſeen by reflection from the tranſparent” 


part of the horizcn glaſs, while the other object is ſeen di- 
rettly through the very ſame point of that glaſs. When 


this is not the cafe, all that can be done is to make the 
two images meet, and, as is were, join at the ſeparation _ 
of the filvered and tranſparent parts of the horizon glaſs. 
If the octant be turned about to and fro round the axis of 

viſion, ſo as to cauſe a vibratory motion of the reflected 
image, it will then be eaſy to judge whether the line, 
| which that image deſcribes, would, if produced, go 

; through the object ſcen * direct viſion, or pals at a a diſ- 


tance. pv 
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T3 take th: ti de of the fon at ſea & the fore 2 hw” 


vatian. | 


——— 


% 117, The 1 is 1 1 4 to be ws by 
reflection from the unfilvered part -of the horizon glaſs; un- 
cover therefore the uppermoſt hole in the ſight-vane, or, 
if the octant is furniſhed either with a tube or a teleſcope, 
raiſe it ſo as to be oppoſite to the tranſparent part of the 
horizon glaſs; put likewiſe the red glaſſes into their proper 
- place. Hold now the octant in a vertical poſition, and, 
turning yourſelf toward the ſun, direct the ſight to that 
part of the ſea horizon which is under the ſun : then begin Y 
to move che index from o on the limb till you fee the red 


image = 
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image of the ſun come down towards the horizon. If you 
meet with any difficulty in finding the red reflected image 


of the ſun, turn back the red glaſs, and the ſun's image 


will then be ſo bright that you cannot miſs it: when found, 
return the red glaſs into its proper fituation. Havin 

brought the ſun's image almoſt down to the horizon, then, 
with your left hand, ſwing the octant backwards and for- 


wards, turning it round the line paſſing between the fin- 


gers and thumb of the right hand, and the image of the 


ſun will ſeem to deſcribe the arch. of a circle whoſe convex 
| fide is downwards, Move the index till the lower edge of 


the ſun's image juſt grazes upon the horizon, when 1 it is at 


the loweſt point of the arch apparently deſcribed, and then 
ſtop the index. Read off the degrees and minutes ſhewn 


by the index, and call this zbe obſerved 6/titade, to which 


the following/correCtions mult be applied. WE. 
e , . The index error, — To be added or ſub- _ 
tracted by directions in par. 54. 


119. Secondly. The dip of the ſea horizon. — To be - 


found in the tables belonging to the Nautical Epbener Gy 
Page 14,* This is to be tubrracted. 


120, Thirdly, The fun's ſemi-diameter. — This is to 


| be found in the third page belonging to every month i in 
ho the Nautical Ephemeris, and is 0 be added. 


Theſe three corrections properly made, you will have 


the apparent altitude of the ſun's center. | 10 chis apply wo 
other corrections, viz. _ 


121. Fourtbly. The W . be found i in the 


| aforeſaid tables, Page 2, and is to be ſubtracted. 


22. Fifthly. The ſun's parallax. — To be found in 


the additions to the Nautical Ephemeris tor 177 2, page 37. 
and is to be added. 


And thus you will have The. TRUE ALTITUDE 97 


5 the fun's center, (as ſeen. from the center of the earth,) 
' whence you may calculate either the hour of the day or the 
latitude of the place. 5 


123. When great nicety is not required. you may ſup⸗ : 
poſe the ſun's ſemi- diameter to be always 16 minutes. 


And the laſt correction (viz. for the ſun's parallax) i is ſo 
ſmall that it may generally be omitted. 


F —-—½ T6 
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4 


T take the altitude of the fun by the back obſervation. 2 


x24. Having removed the red glaſſes into their proper 
place, hold the octant in your left hand, and in a vert.cal 
poſition. Direct the ſight to the part of the horizon oo -- 
poſite to the ſun: then, applying your right hand to the in- 
dex, move the index gradually from o, till you bring the 
red image of the ſun xp to the horizon, ſo that the eppa- 
rent lower edge may ſtand upon the horizon. * If you now 
ſwing the oftant between the fingers and thumb of out 
left hand, the image of the fun will Ceſcribe an arch of a 
circle whoſe convex ſide is downwards. Move the index 
till the apparent lower edge of the ſun's image juſt grazes 
upon the horizon in the loweſt point of that arch, and then 
read off the degrees and minutes as before; foe ar. 25. - 
Wet this. be called the heads altitude, to which PPV the 
following corrections. 5 
126. "Firſt. The index error. 10 be added or ob- : 
| tracted ccording to the directions in par. 83. FO 
126. Secondly. The dip of the horrizon —To be found N 
as before, par. 119, but muſt now be added. „ 
127. Thirdiy. The ſun's m e T0 be found 
as before, par. 120, but muſt now be ſubtracted. 3 
Theſe three cortections give the apparent altitude of the 
ES ſon $ center, to which” apply the other two corrections as 
before, par 121 and 122, and you will have the true alt. 
rage of the ſun's center. 5 
128. Inſtead of making the octant a kn the 
finger and thumb of the let. hand, you may uſe this mo- 
tion. Keep the octant ſteady in your hands, but turn 
. yourſelf round upon your heel; or rather, keeping your 
body upright, twiſt yourlclf from the right to the left, and 
back again, fo as to turn the octant round a vertical axis. 
Oblerve whether qe image of the ſun continually touches 
the horrizon dir ng this motion; if it does, then the plane ö 
of the octant is held exactly vertical: if, in that motion, 
dme ſun's image croſies, the horizon, the plane of the octant 
1s net vertical, and you muſt thitr its pn till you can 


55 1 1 make 
® The apparent lower edge | is not the real lower edge, See par, 8 


and 106. 


a 
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make the limb of the ſun conſtantly g olide along tlie hori- 

zon while you turn yourſelf round as before. 5 
Either of theſe motions ſerve as a proof that the octant 

is held in the proper poſition juſt at the very time when 


£22 in iex was ſet. The latter 18 2008 generally recom- 
mended, 5 


man altitude of the moon. 


3 The moon 5 altitude may be taken either by the 
fore or back obſervation, exactly in the ſame manner as 
the ſun's altitude, only here you muſt bring that edge of 
the moon into contact with the horizon, which is round 7 
and well defined, whether that be the upper or under edge. 
The corrections to be applied to the Aden altitude are 
as follow: . 
55355 if. The index error. To be applied belive | 
directed, par. 54, for the fore obſervation, and par. 8; 3. 
5 for the back obſervation. - 
131. Secondly. The dip. To haute wc. _ 
119, and ſubtracted in the fore obſervation, but added ir in 
the back obſervation. . i 
132. Thirdly. Semidi iameter. To be found i in the Mes 
tical Ephemeris for every noon and midnight at Green- 
wich. If very great accuracy is required, this ſemidia- 


meter muſt be corrected, for the intermediate time and for 


the altitude, by the rule in page 1 52 of the tables belong- 
ing to the Nautical Ephemeris. The ſemidiameter, to. 
85 found, is to be added in the fare obſervation, and ſubtract- 
ed in tlie back obſcrvation, if the moòn's apparent lower 
: limb was obſery ed; that is, if the lower edge of the moons 
image, as ſeen by reflection in the octant, (through plain 
ſights,) was brought into contact with the horizon; but 
if the upper edge (as ſeen by reflection in the octanc) 
was brought into contact with the horizon, then this ſe- 
midiameter is to be ſubtracted in the fore ooferyarion, and 
added in the back obſervation: and thus you will have the 
apparent altitude of the moon's center. 5 
133. Fourty. Reiraction. To be found and I applied 8 
as be: tore, Par. 121. 


3 


IH 


c 
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134. Fifthly. Parallax. The moon's horizontal parallax 

for every noon and midnight, at Greenwich, is to be found 
in the Nautical Ephemeris. When nicety is required, 
this muſt be corrected, for all intermediate times, by the 


rule in page 152 of the tables belonging to the Ephemeris, 
The moon's Herizental parallax being thus obtained, the 
moon's * "wh in altitude may be found therefrom by page 
3 of the tables aforeſuid, and is to be added. Otherwiſe 
in page 52 you will find a table which gives the correCtion 


both for refraction and parallax in one. T his e to 


: the apparent gives! the true altitude. 


27 2 take the altitude of a far by. the fore ohfervat ton. 


N Set the index at O; and, holding the plane of tie 0 
octant vertical, direct the licht to the ſtar, and at the ſame 
time look for the reflected 1 image of the ſtar in the ſilvered part 

of the horizon glaſs. Stir the index a little, which will 
ſeparate the reflected image from the direct image; the 
former will be eaſily diſtinguiſhed from the latter by its 
motion when you ſtir the index. Continue to advance the 
index, and at the fame time follow the reflected image of 
the ſtar with your eye, directing the ſight lower and lower, 

and changing the poſiti on of the octant as the image of the ſtar 
deſcends, till you have brought it down to the horizon: the 
index will then ſhew the obſerved altitude of the ſtar. It is 
neceſſary that you ſhould always keep fight of the reflected 
image of the ſtar, that you may not miſtake the reflected 
image of ſome other ſtar for the image of that whoſe alti- 
: tude you would take: but, if you know 1 its altitude nearly, _ 
you may then {et the index at firſt to that altitude; and, 
holding the rar 288 direct the ſight to the part of the 
horizon juſt under the ſtar, and you will be ſure to find its 

reflected image near was horizon. By moving the index a 

little, you may bring it to touch the horizon as before. 

136. The corrections to be applied to the obſerved. al- 

titude of a ſtar, are, Fut, the index error, as in par. 54. 

Secondly, the dip, as in par. 119. Thele two give the 


apparent altitude. Thirdiy, the refraction, as in par. 121, 


which gives the true altzudee, The fied ars nave neither | 
| fornidiamete er nor parallax, _ | 


be 
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ace upwards in the fore obſervation, but downwards in 


| the 5 
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7 7 take the altitud: of « a flar by the back obſervation. : 


I 37. In this caſe you muſt know the altitude nearly, 


or it will be very difficult to find the reflected image of 


the ſtar. This known, ſet the index to the ſuppoſed al- 


titude; hold the octant vertical; direct the fight to the 


part of che horizon oppoſite to the ſtar. When you have 


found the reflected image, bring it to touch the horizon, 
; by moving the index as before. - 


138. The altitude, ſo obſerved, muſt be corrected; 


Firſt, for the index error, by par. 83. Secondly, for the 


dip, by. par. 126. 7 hirdly, for refraction, by par. 121. 
The ſea horizon, I believe, can rarely be ſeen at night, 


unleſs, perhaps, by the twilight or moonlight, ſo that 
| altitudes of the ſtars, fo obſerved, cannot be much relied | 


9 


. To take the di Hance of the moon Som the fon, i order : 


to. find the lon grtude at ſea. 


1 139. In the Nautical Ephemeris you have the central 


diſtances of the fun and moon for every three hours of time 
at Greenwich, on ſuch days as this method is practicable. 
From theſe diſtances; | in the Ephemeris, you are to compute 
roughly the diſtance between their neareſt limbs at the 
time of obſervation, as directed in page 165 and 165 f 
the Ephemeris. If that diſtance be under 90 degrees, 


you muſt uſe the fore obſeryarion ; ; if above 90 degrees, 


the back obſervation. 


140. The moon muſt be 3 directly through the 


unſilvered part of the horizon glaſs; but the ſun by re- 
flection; and, if it be bright, by reflection from the un 
SZ Afilvered part of the. glaſs. Hence, if the fun be to the 
left hand of the moon, the octant muſt be held with its 
face downward in the fore obſervation, but with its face 
upwards in the back obſervation. If the fun be to the 


right hand of the moon, the octant muſt be held with its 
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the back obſervation.“ One or both of the red alaſſes 
muſt be let down, as the ſun is more or leſs bright. 

141. Set the index to the diſtance between the neareſt 
limbs of the ſun and moon, computed roughly as before ; 
and, placing the face of the octant by the foregoing rules, 
direct the ſight to the moon. Then put the plane of the 
octant into the Plane of the great circle paſſing through the 
fun and moon, according to par. 108; that is, put it into 
ſuch a poſition, that if you look along the ſurface, or rather 
edgewiſe againſt the octant, it may ſeem to make a line 
Paſſing through the ſun and moon. The knack of doing 
tus is to be got by practice only. Swing now the octant 
between the finger and thumb, and the red image of the 

ſun will paſs by the moon to and fro, and fo near that you 

cannot miſs ſeeing it. Their neareſt edges muſt then be 

brought into exact contact. And here oblerve, Firſt, that 

the images of the ſun and moon muſt touch only at their 
external edges; the body of the fun muſt not (in this vi- 
bratory motion) paſs over, or even be upon, the body of 

the moon. Secondly, the edge of the ſun muſt touch the 

enlightened edge or round part of the moon, not the part 

from the ſun, which i is either hollow or gibbous, and always - 

ll-defined.F Theſe two cautions obſerved, move the in- 

dex till (by giving the octant a vibratory motion as before) 

the edge of the ſun juſt bruſhes the edge of the moon 

as they pals by each other. The index then ſhews, on the 

limb, the obſerved diſtance of the neareſt edges of the ſun . 

and moon, to which apply the following corrections. 

142. Fin, The er error, as in Par. 54 and 6 oy 


143. 15 


When an octant 15 farniſhed with a ball and ſocket, to be fixed 
either againſt the face or the back of the octant, it may then be held 
conveniently either way. When that is not the caſe, it may be worth _ 
While to have a % handed octant made; ; that is, one in which all the 

I pars: are reverſed as to right and left. Such an one muſt be held with 
_ rhe f2ce upwards, when a common one is * be held with the face g 
downwards 5 5 
I From new moon to th fall, the entelomed edge of the moon 
is turned toward the Weſt. From the full moon to the new, the en- 
lightened edge is turned towards the Eaſt. This is the caie when the 


1250n is ſeen directly; but the Ay. if i it . me — a 
te = that 1 inverts the objects. | 
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143- 3 Semidiameter. The ſemidiameter of the 


ſun for every fixth day, and of the moon for every noon 


and midaight, at Greenwich, are to be found in the Nau- 
tical Fphemeris ; whence their {emidiameters, at the 


time of obſervation, are to be computed by the rule in 


page 152 of the tables belonging to that Ephemeris. Ihe 


ſum of theſe two ſemidiameters is to be added. 


Theſe two corrections, 7roperly applied, give the ap- 


parent diſtance of the centers of the ſun and moon. 


144. Thirdly. This apparent diſtance muſt be corrected 


for refraction and parallax, and then you will have the | 


REDUCED DISTANCE, or TRUE DISTANCE, of the cen- 


ters of the ſun and moon, as ſeen from the center of the earth. 
To make this laſt correction, two ſets of tables, with di- 
rections how to uſe them, are given among the tables 
belonging to the Nautical Ephemeris. The former fer of 
tables (by Mr. Lyons) gives the corrections for refraction 
and parallax ſeparately. The latter (by Mr. Dunthorne © W 
gives both correction in one. A ſet of rules for calcula- 
ting this correction is given (by Mr. Witcbell) in the Nau- 
tical Ephemeris for 1772. In this Ephemeris are likewiſe 
ſome corrections of the former tables, and additions to the 
directions before 

Laſtly, a ſet of tables for finding this correction by in- 
ſpection only, is now in the preſs, at Cambridge, under 

the direction of one of the profeſſors of aſtronomy, and 

may be expected ſhortly by the public. 3 
145. From the reduced diſtance and time of obſervation, = 

the LONGITUDE of the place may be computed by the - 

; rules and tables * to the N autical — e 


given, which ought not to be neglected. 


2 To "1 take ahe 4 Thani of the moon 3 fuck for as are 
* Ffelefled in the Nautical Rm” for ** the = 


| Longitude at ſea. - 
146. The central A of theſe ſtars (Ike thoſe af 5 


the ſun) are given in the Nautical Ephemeris for every 
three hours of time at Greenwich, from whence their d1{- 
nude fromthe enlightened edge of the moon may be rough- 
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ly computed as before. None of theſe diſtances exceed 


go degrees, and therefore the fore obſervation only | is to 


de uſed. 


147. The ſtar muſt be viewed directly through the tranſ- 


parent part of the horizon glaſs, but the moon by reflec- 
tion : therefore, when the ſtar is to the left hand of the 
moon, the octant muſt be held with its face upwards ; when 
the ftar is to the right hand of the moon, the octant muſt 
be held with its face downwards. The fainter of the red 


_ glaſſes muſt be let down, which ſo far takes off the glare of 
the moon, that the ſtar may be ſeen, actually apon her 'te= 


flected image. 


148. Set the index to the diſtance of the ſtar 3 the! 
enlightened edge of the moon, computed roughly as be- 
fore, and, placing the face of the octant by the foregoing 
rules, direct the ſight to the ſtar. Then put the octant 

into the proper plane, ſo that, if ſeen edgewiſe, it may 
ſeem to make a line paſſing through the moon and ſtar. 

Sing now the octant between the finger and thumb of the 
right hand, and the red image of the moon will paſs by 

the ſtar to and fro, and ſo near that you will ſee it; and 
this is a proof that the ſight is directed to the right ſtar. 
The enlightened edge of the moon (whether Eaſt or Weſt) 
muſt then be brought into contact with the ſtar by moving 
| the index.“ You will know this by the vibratory motion 
ol the moon's image before mentioned; for, the\ſtar ſhould 
juſt graze the edge, without entering at all within the bo- 
dy of the moon. The index will then ſhew the o4/erved 
&iftance of the ſtar from the enlightened edge of the moon, 


to which apply the following corrections. | 
149. Firſt. Index error, as in par. 54. 
150. Secondly. Semidiameter ot the moon. To be found 


in the Nautical Ephemeris for every noon and midnight at 
Greenwich, and thence to be computed for the time of 
5 obſervation by the rule in page 152 of the tables be- 
longing to that Ephemeris. Atter the new and before the 
ful moon, this ſemidiameter is to be ſubtracted if the ſtar 
be Eaſt, and added if the ſtar be Weſt, of the moon. After 


the full and before the new moon this ſemidiameter i is to be 


See the note on par. 141 . 


8 | added | 
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Z added if the ſtar be Faſt, and ſubtrated if the ſtar be Welt, 


of the moon. 


Theſe two corrections give the apparent d a: — of hs he En 
moon's center from the ſtar. NY 
151. Thirdly. This apparent diſtance muſt be corrected 
for refraction and parallax in the ſame manner as the ap- 
parent diſtance of the ſun was corrected par. 144. This 
will give the reduced or true diſtance of the center of the 
moon from the ſtar, as ſeen from the center of the earth. 
From the reduced diſtance, and time of obſervation, 
the Longitude may be computed by the rules and —— be- 
longing to the Nautical Ephemeris. 8 
152. It will ſave ſome trouble, and may ſerve the pur- 
V poſe of finding the reflected image of the ſun or moon in 
Z the horizon glaſs, if you only ſer the index to the central 
1 diſtance as ſet down (in the Ephemeris) for the neareſt _ 
three hours, without correcting it to the intermediate time | 
1 by a rough computation, as before directed. „* ͤ ͤ „ 
1.53. If you have any doubt whether the ſight be * . 
c to the proper ſtar, ſet the index to the ſuppoſed diſtance 
Z as before, and then find the reflected image of the moon in 
Z the horizon glaſs, in the following manner. Having turn- 
d back the red glaſs, hold the octant in any plane paſſing 
through the moon, a vertical plane for inſtance; move the 
2 oQaar in that plane (railing | or lowering the fight) and you - 
> will be ſure to find the moon's image ſomewhere, Having 
once found the reflected image of che moon, then turn the 
o0tctant round the incident ray, (continually changing the 
_ poſition of its plane,) bur fo as ſtill to keep fight of the 
moon in the horizon glaſs, and you will ſee, through the 
tranſparent part of it, all thoſe ſtars which have the diſ- 
dance ſhewn by the index. The ſtar to be obſerved will lie 
in a line nearly perpendicular to the horns of the moon or 
her longer axis. As tie ſtar is always a bright one, and 
dhe circle in which it lies may be thus traced out,” there 
will be no danger of miſtaking ir. 1 


The directions before given i (par. 139 and the following) 2 
8 hold exactly the ſame, whether you uſe plain fights or a 
bcleſcope. 


Ga 3 154+ 


— — ů —— : —— „ —— * # 


—— — 4 — — 


4 $$ PP I Ke — elocs. © —— „ 0 


2 * 
ainm N P 
. 


* 


— . e mn 7 2 0 4 1 * 7 Fe 
— — Das "Th Amit. —— es 4 en 
Y * 


52 OBstRvATIONS AT SEA; 


154. In theſe obſervations great care muſt be taken to 
keep the octant in the proper plane, according to par. 108. 


In common oQ- nts, where the back vane ſtands near the 


horizon glaſs, and has only a plain hole, it is not difficult 
to look ſo obliquely as to make a difference in the obſerved 


diſtance of halt a degree or more; and almoſt as great a 


difference may be made in the fore obſervation, even though 7. 
a tube or teleſcope direct the fight. The poſitions in 
which the inſtrument muſt be held, to make theſe obſer- *' 


vations for the Longitude, are io various, and ſome of 


them fo uncouth, that it may be many years before ſeamen 
in general can take theſe diſtances as exactly as they do now 
take an altitude of the ſun. Nevertheleſs the great de. 


terity required in ſome arts daily exerciſed may convince 


us, that there is no manual operation in which the utmoſt 
accuracy may not at laſt be attained by conſtant practice.“ 
In the Philoſoph. Tranſactions, N. 425, the inventor of 
this inſtrument gives a rule for finding the error occaſioned 
by holding it out of the proper plane. Every ſuch rule 
requires a previous knowledge of the deviation from that 
Plane, which is not eaſy to get exactly, eſpecially at fea. 
It is better to truſt to the ſkill of the obſerver in holding it 
properly, and to ſuch a conſtruction of the inftrument a2 
will not permit an unſkilltul perſon to fee the object at all. 
in thoſe caſes where LINE error n be vey great. t 
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water. 


- : 6. The water moſt be ſheltered from the ofticn of the 

wind by the apparatus deſcribed in par. 33. The water. 

- trough, 7 7 Tf, ng. 95 ah be ſet * the ground, 2 
ſome 


1 9 Nothing "OUT: this more 1 chan the «foniſhing degree 


ments. (of all . is now carried. 


of ac- 
curacy and perfection to which the art of playing * mukcal inſtru- 5 
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ſome firm wall, with its ſides nearly in the ſun's azimuth, 
which will be known by their caſting no ſhadow. The 
box, fig. 8, muſt then be ſet over it, but fo as not to 
touch the trough. The glaſs planes muſt be ſet to the ex- 
pected angle, and then put within the box ſo as to cover 
7? the trough.“ The eye muſt be defended with ſuch a 
| ſmoked glaſs as is mentioned in par. 16, and one of the 
light-red glaſſes let down. By this means the image of 
the ſun reflected from the water will appear yellow, and the 
image reflected from the mirrors will appear red: this is of 


great uſe to diſtinguith them from each other. The fore 


- obſervation muſt be uſed if the ſun's altitude be leſs than 
45 degrees, but the back obſervation if that altitude be 
greater than 45 degrees. JJ 
156. Hold now the octant in a vertical plane, and di- 


rect the ſight to the ſun's image in the water; then move 


the index till you ſec the other image reflected by the mir- 
 rors, which will be known by its red colour. If there 


* ſhould be any difficulty in finding either image, put afide 


the ſmoked glaſs in one caſe, and the red glaſs in the 


bother, and you will he ſure to ſee the ſun. When you 9 
haue found both images, then, if you uſe a teleſcope, 


make them as diſtinct as you can ;F likewiſe raiſe or lower 


1 it, till both images are equally bright. See par. 1666. 
4 MY 57. All things thus prepared, move the index ſo as to 


bring the edges of the two images into contact, making 
the octant vibrate a little to diſtinguiſh that contact more 


perfectly, as before directed. Obſerve now whether the 


red ſun or the yellow ſun be uppermoſt : for, the index will 
| ſhew double the altitude of the ſun's upper limb, if the 


yellow image be uppermoſt ; but double the altitude of the 


lower limb, if the red image be uppermoſt, This is on a 


he ſun's altitude at noon can always be gueſſed near enough to | 
| ſet the glaſs planes. At other times you may make a rough obſervation 


\ firſt to find the altitude nearly, and then repeat it with the planes ſet | 


exact. Four or five degrees in the angle of the planes is of no conſe- 


quence. 


DN KL 


I + Both images cannot be perfectly diſtin&, becauſe of the difference 
of their colour, but they will be very nearly fo, if the teleſcope does 
— 
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ſuppoſition that you uſe plain ſights; the contrary 1s the 


rule if you uſe a teleſcope that inverts, 


158. Having thus found the double altitude, apply to 
it the correction for the index-error by the rules in par. 54 
and 65, and half of this gives the obſerved altitude of the 
ſun's upper or lower limb, according as the yellow or red 


image was uppermoſt. Here remem ber to correct the dou- 
ble altitude for the index-error before you halve it: if you 


will halve it firit, then you muſt correct that half by wag 
ing only half the index- error, found by the rules before 


3 


have the TRUE ALTITUDE of the ſun's center, 


| whence the latitude « of place or hour of the day may be 5 


derived. 


J ²˙ „ 
not ground true, repeat the obſervation, but change their 


places, fo that the plane, which before received the ſun's 


direct rays, ſhall now receive: the rays reflected from the 
water, and contrariwiſe ; for, the refraction of the planes 
will now have a contrary effect, and, if it before increaſed 
By thus 
changing the poſition of the planes, and arguing from a 
number of oblervations, either the latitude o 


the obſerved altitude, will now diminifh GO 


the hour of the day may be got very near the truth, 


161. If the octant be held in the hand only, it will be 
neceſſary to reſt the arms on ſomewhat, and likewiſe to ſet 

the limb of the octant on a ſupport; fo that one hand may 
keep the octant in the ſun's azimuth, (holding it as d= _ 
rected in par. 107,) while the other governs the index. 
But, all this trouble may be avoided by mounting the oc- 


tant 
| ® See an example of determining the latitude by this inflrument in 


dhe Phil, Tranf. Vol. LIx. Page 239. 


the place or 


Ns 


159. To this altitude you wok apply 5 3 bor - = 
: the ſun's ſemi-diameter, to be found in the Nautical Ephe- | 


meris at the third page belonging to every month. This 
correction is to be added if the altitude of the lower limbo 
was obſerved, but ſubtracted if the upper limb was obſer- | 
ved, and then you have the apparent altitude of the ſun's 
center. This being farther corrected, for refraction and 
| parallax, by the rules referred to in par. 121 and 122, you 


* 


8 
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tant on a ſtand, as before ſuggeſted, and then the obſer- 
vation may be made with eaſe and accurac 
162. Some recommend treacle, or tieacle diluted with 
water, to make the reflection. But, if the fluid be fo 
thick and tenacious that its ſurface cannot be diſturbed by 
the wind, then there will be much uncertainty whether it 
be level; and, if the liquor be ſo much diluted as to put 
this out of doubt, then the leaſt breath of wind will raiſe 


tremors ; ſo that glaſs planes, though expenſive, are, 1 
= . neceſſary. 
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To obſerve the altitude of a fr. 


0 Js The proceſs 1s exactly the ſame as before, only 
| here you muſt uſe quickſilver, the reflection from water not 
being bright enough, unleſs for a few ſtars of the firſt mag- 
nitude. The quickſilver is very apt to collect duſt on its 
ſurface; it ſhould be ſtrained through a blk handkerchict a 

juſt before the obſervation. RL 

164. The double altitude of the tis a be firſt cor- 


rected for the index- error by par. 54 or 65, and then halved. 
That half, being corrected for retraction. as — Par. I 21, 
1 gives the true akritude. IT, 


75 chſerve correſponding oltitudes of the fon. 


1 5. This is one of the moſt uſeful operations in Drac- 
_ tical aſtronomy. You may by this means examine the 
* going of a clock, and determine its error without a meri- 
* dian line. The exact time of any appearance in the hea- 
Vvens is always a capital circumſtance in aſtronomical obſer- 
vations. A method of determining that time, without the 
apparatus of a fixed obſervatory, is therefore very uſeful, 
eſpecially to thoſe who go abroad. * Correſponding alti- ws 
| tudes are likewiſe very uſeful in finding a meridian line, : 
or * the polition of a tranſit teleſcope. Theſe ob- 


ſcrvations 
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» If. a traveller les wich him this oclant, a ſmall eleſcope, anda 3 
Portable time- piece (a ſpring- clock for inſtance) to keep time for a dax 


'or two only, he may make very uſeful obſervat . ons without more ex- : 
penſive and emen inſtruments. — | 
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ſervations are not ay uſeful but eaſy to make with almoſt 
any octant; for, they require no rectification of the glaſſes, 


no accuracy in the diviſions on the limb, nor any great 


truth in the planes that ſhade the water. 


166. Theſe altitudes ſhould be obſerved [in our latitude] 8 
at leaſt two hours diſtant from noon, and therefore the fore 
horizon glaſs 1 is always to be uſed. The beſt time is when 

the ſun is on or near the Prime Vertical, that 1 * the Eaſt or 


Weſt points of the compaſs. 


167. Having prepared all chings i in the morning as be- 
fore mentioned, par. 155, direct the ſight (which we will 
here ſuppoſe to 'be the plain tube) to the ſun's image in the 

water: move the index till you ſee the image reflected by 
the mirrors, or the red ſun: bring down this red ſun (by 
moving the index) a little below the yellow ſun, and fix 


the index by the ſetting ſcrew. 


168. Wait now till the upper limb of the red fun, by ; 
riſing, juſt touches the lower limb of the yellow ſun, ma- 
| king the red image now and then vibrate acroſs the yellow = 
dne, to be ſure of the contact of their neareſt edges; then 

note the hour, minute, and ſecond, ſhewn by the clock, 

either by calling to your aſſiſtant at the clock at the inſtant 

you ſee the contact of the mages, or by cauling him — | 


count the ſeconds aloud. 


169. Again wait till the red fm. by riſing, int covers ; 
the yellow ſun, which may be eaſily known as the images 

are of two colours, eſpecially if you now and then make 
the red image vibrate ſidewiſe as before directed. Note 


= the tune by the clock as before. 


170. Laſtly, wait till the lower edge of the red tim juſt 1 
| Scher the upper edge of the yellow ſun, note the time 
dy the clock, and you have finiſhed one /et of morning ob- 
ſervations. Enter theſe down in one column, under the 
title of Eaſtern Azimuth. Examine now the degrees and 
minutes ſhewn by the index, and enter it at the head of 8 
the whole, under the title of Double Altitude, © 
171. If you chooſe to make more than one ſet of obfer- BW! 
- vations in that day, then releaſe the index, and, ſetting it 
forward, repeat the former work, . remembering 3 
EY leaus 1 
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have the index fixed when the laſt ſer of morning oblirva- 
tions 18 completed. 


172. Near the correſ. oading time in the n (at 
which you may make a rough oueſs) prepare the water ap- 


paratus as before, par 15c, "and be careful to ſet the glaſs 


planes, that cover the water, in the ſame poſition as before 
in the morning; that is, turn the ſame plane towards the 


fun as before. Take now the octant with the index ct 


fixed, and direct the ſight to the ſun's image in the water, 


and you will find the red ſun uppermoſt, "bur may eafily 
perceive it to fink fo as to approach the yellow ſun. Wait 
3 2 the contact of the lower edge of the red ſun with tie 


upper edge of the yellow one, and note the time ſhewn by 
the clock as before. In like manner note the time of the 


toincidence of the two images, alſo the time of the contact 


of the upper edge of the red ſun with the lower edge of the 
yellow one; and you have one complete ſet (of the times) 5 
bf correſponding altitudes of the ſun. 
173. Releaſe now the index, and ſet it lily to the 
5 degree and minute at which it before ſtood during the ſet 
of morning obſervations preceding this laſt, and then vou 
are prepared for the afternoon obſervations correſponding 
to that ſer, and which come on next; carry theſe on as be⸗ 5 


fore, and fo till every ſet is completed. 


174. Enter the times of the afternoon e in che 
fame line of your paper with the morning obſervations to 
which they correſpond, but in a different column, under 
the title of //eftern Azimuth. Thus, when you begin in 


the morning, enter the ſucceſſive times on the left hand 
one below another, deſcending as you proceed. In the at- 


ternoon begin on the right hand' of theſe at the bottom _ 
line, aſcending as you proceed ; an example of which you 
may ſee in the Philoſophical Tranſactions, Vol. LIX. A 
237, and Vol. LX. page 357. 2 
175. Take now the firſt pair of A tines 
d add them together; halve their ſum, to which add 
ſix hours, and it gives the time of ſolar noon derived 
from this pair; therefore ſet it down on the ſame line with 
this pair; but, in another column, under the title of Me- 
Tidian. Do the ſame by 3 other two — in the firſt 


ſet. 
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correct it for the change of the ſun's declination between 


. the time, ſhewn by the clock at ſolar noon, inferred from 
the firſt ſet of obſervations. In the ſame manner may that 
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jet. Take the mean of theſe three times of ſolar noon, 


the morning and afternoon obſervations,* and you have 


time be inferred from each ſeparate ſet. Take the mean 


of all the times thus found from each ſeparate fer, and you 
will have the exact time ſhewn by the clock at ſolar noon; 
that is, when the center of the fun is upon the meridian. 


Look now in the Nautical Ephemeris for the equation of 


time, which you will find in the ſecond page belonging 
to every month. Add or ſubtract this from twelve hours, 
(according to the title at the head of the column in the 


Ephemeris,) and you have the true time of ſolar noon, or 


the time that would be ſhewn, when the ſun is upon the 
meridian, by a clock that went perfectly right. Com- 

pare this with the time actually ſhewn at the ſame inſtant 
by your own clock, (found as before,) and you will have 


its error at the ſolar noon of that day with great exact- 


176. If the different ſets of obſervations, made on the 


ſame day, follow each other within an hour of the equi- 
' noxes, or within two near the ſolſtices, you need not cor-= _ 
rect each fet ſeparately. It will be ſufficient to take one | 
 1nean of the whole and correct that as before. 


177. Tf you ute a teleſcope that inverts, the motions 
of the fun will be contrary to thoſe here deſcribed. Thus 


the red ſun will fall in the morning and riſe in the after- 


2 


173. Correſponding altitudes of the principal ſtars may 


be taken in like manner by reflection from quickſfilver. 
' You may, in the fame night, take ſeveral obſervations 
| of ſome one capital ſtar at different altitudes, removing 
the index for each obſervation; or, which is better, keep 
the index always fixed, and take correſponding obſerva- 
e 0 OY FOO 
A gable. giving this correction for the latitude of London, and 


ſor every ſix degrees of the ſun's longitude, is in the Aftronomical Ob- 
Je PIALONS, . printed tor T. Cad 211. A table, whence this correc- 


tion may be eaſ.ly computed for all latitudes, is given in the Nautical 
— —— — — N 
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tions of different ſtars as they arrive ſucceſſively at the ſame 


altitude. No correction for change of declination is wanted 


in this caſe. The time of a ſtars paſſage over the me- 


ridian will be preciſely equidiſtant from the times of its 


attaining an equal altitude on the Eaſtern and Weſtern | 


azimuths, 


07 taking 4 Wy" Mercer of the ſtars fron each other. 
179. Diſtances of the laneis or fixed ſtars from each 


other may eaß de taken by the octant, if mounted on 
ſuch a lan r deſcribed in the Aſtronomical Obſervations, 
c&c. After the Octant 1s got into the proper poſition, 
(by he directions given in that book,) ſet the index 
to o, and then direct the fight to the brighter of the two 
5 ſtars. Stir the index a lictie to ger ſight of the reflected 
image of that ſtar. Continue to advance the index; and 
at the ſame time, follow that i image with your eye, turning 


the octant round the axis 2.2 (plate the firſt of that book) 


till the reflected ! image is arrived at the other ſtar, which 
you will ſee by direct viſion Make the twa ſtars coincide, 
as directed par. 113, and the index will ſhew on the limb, 


their obſerved diſtance. This proceſs reſembies chat more 5 


| particularly deſcribed in par. 135. 


180. Diſtances fo obſerved may be very all to de- 


termine the orbit of a comet. The motion of comets is 


ſuch that they can ſcldom be ſern on the meridian ; and - 


when they cannot, this is the beſt way of determining 


their places | in the heavens. It were to be wiſhed th at 


the uſe of this inſtrument! in taking ſuch diſtances was every 


where known. The ſtay of the. extraordinary bodies in 


our regions is often ſo ſhort, that, it the thy be unfaveurs- 


A 4 


ble a few nights at uy great obs IEFVSTOFIES, vv” Fe Gan learn _ 


3 at other 5 not W e how to aſcertain pf ay cir- 


cumſtances upon which the inveltigation of their motions 


mult be founded. Theile d Rae from tlie fized ſtars 


muſt be mee for index error and refraction. The 


obſcrver muſt carefully note the former; aſtronomers will 
| ſupply the mer. if either the ahltude of the ſtars or tlie 
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hour of the night be known. Thoſe who would calculate 


the effect of refraction upon the diſtance, may conſult the 


tables belonging to the Nautical Ephemeris, page 19. 


| Topegraphical Obſervations, &c. 


Toe ue of the oct in county farveys. 


1381. The octant is of ſome uſe 3 in taking the angles OR | 
1 tween diſtant objects on the horizon. Dark objects againſt 


2 bright ſky, or bright objects againſt a dark ſky, are 


eaſily diſtinguiſhed even by the naked eye, and the coin- 
cidence of their images in the octant may be well aſcer- 
rained. But objects below the horizon can hardly be ſeen 
at all in the octant, eſpecially if ſmall or diftant. The 
objects ſeen directly loſe much of their light by its being 
tranſmitted through the upper part of the horizon glas, : 
which had better be cut off, as was before obſerved, ; 
Par. 13. e 
F 182. It! is proper to whe the > a of every object : 
Hom two or three others, and likewiſe the diſtance of theſe 
laſt mutually. Thus take the diſtance of A from B and C, 
then the diſtance of B from C and D, &c. Thus the 8 15 
obſervations will check each other. Not that the ſum of 
the diſtances of ſeveral intermediate objects will always be 
equal to the diſtance of the extremes; or that the ſum of | 
the angles taken round the horizon will always make 360 
degrees. This is not to be expected, be the obſervations 
ever ſo exact, unleſs the objects all ſtood in one plane. 
Yet the method before mentioned is a good check againſt 
groſs errors, and particularly againſt miſtakes in reading 
off the angles. Theſe diſtances need no other correction 
but for index error. If, indeed, you could take the 
elevation or depreſſion of every object, you might farther 
correct the obſervations on that account, but it would 
; greatly increaſe the work, and this correction for diſtant 
— is fo mall that it may well be omitted. 5 
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183. Although the octant will not take angles bes 
tween diſtant objects with all the accuracy that altronomers 


require, yet it does the work of a common ſurvey mode, 
rately well, and very expeditiouſly. And, if a more exact 
ſurvey was to be taken with a better inſtrument, yet, even 
then, the octant would be of great uſe to make a rough 
ſurvey firſt, in order to judge have the principal tations 


ſhould be fixed. There ought to be five or fix of theſe 


Nations in every good ſurvey, ſo choſen as to be every one 


in ſight of all the reſt, and ſuch that you may command 
any part of the county from (at leaſt) two of them. The 


5 4 of theſe principal ſtations may be laid down by 2 
b e inſtrument furniſhed with teleſcopic ſights. The 


octant may then do very well for inſerting villages and 
places of leſs note, whoſe diſtances will probably de near 


ſome or other oſ the principal ſtations. 


184. It is often uſeful in theſe ſurveys to continue 2 


right line quite through a county. To do this, we muſt 
determine where a line, drawn from a given point in the 
horizon through the eye of the ſurveyor, will again cut the 
horizon. This is no other than to ſet off an angle of 189 
degrees from a given object. Set the index to 180 degrees 
(according to the back obſervation, par. 243) and, ap- 
plying the eye to the back vane, direct the ſight to the 
Re given object. Note what point of the horizon, ſeen by 


reflv 1:62, coincides with the propoſed object ſeen directly, | 


for, chat is the point where the line again cuts the horizon. 

' Otherwiſe you may direct the fight to the part of the ho- 

rizon nearly oppoſite to the given object, and then obſerve _ 

what point feen directly coincides with that object now 

ſcen by reflection, One or other of theſe methods is pre- 
ferable, as the propoſed object, or the part of the horizon 

oppoſite to it, is more or leſs bright.“ By this means you 


may ; 


= * In 8 a * drawn 3 the object ow by — ti to the 1 


_ center of the index glaſs, is in this caſe parallel to a line drawn from the 
bbject ſeen directly through the center of 5 
eye of the obſerver. Theſe two lines therefore do not make one and 
the ſame line continued: but, as their perpendi-ular diſtance can 
never be more than five or ſix inches, in theſe ſurveys they may be 

_ accounted as one and the ſame line. An error of five or fc inches, 
in the courſe of a line 15 Cr 20 miles longs. 1s nothing. | 


the horizon glaſs, or through the 
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may trace a meridian line through a county, or even 
through a kingdom, as has been done in France and 
Italy; and, though this inſtrument wll not determine 
that line very exactly, yet it is exceeding uſcful to nd 
by this means what eminences it paſſs Over, tha: youu 
may know where to convey more expenſive inſtruTcnts, 
whoſe ſize and delicacy do not admit of their being 
carried about without trouble and danger. 

185. It is of great uſe to a ſurveyor co know when he is 
in the line joining two diſtant objects In county {urveys 
ĩt is often difficult to know what a very diſtant cbject is, cſ- 

pecially if it be ſeen only juſt above ſome intermediate e- 
minence. The only ſure way to aſcertain a place fo fen 
is to go to that intermediate eminence, whence vou may 
view that place at a much nearer diſtan. e, and i the direct 
line: for, unleſs you fee it in the ſame Adi, the ap- 
pearance will be fo much chanoed that it may not be kin, | 
| Here then 2 method of finding when you are exactly in 

that line is of great uſe. When ther refore, you are near 


the int rimediate Place, ſet the index of the Octant to 10 


degrees as before; direct the ſight to any object you ſup- 
poſe may be that ſought, and oof erve whether 1 now CO- 
- incides with your former tation ſeen by retiect ion: if not, 

: change your place tl it does, and then you are in the line 
jñjoining your former ſtation and the object. Otherwiſe you 

may direct the ſight ro your former ſtation and obſerve the 


diftant object by reflection, Juſt : as one or the other 1 is more 
callly diſcerned. . c - 


The 


” » The oRtant will do this bufineſs very well, but I found it uſefol to 
have a much lighter and ſmaller inſtromeat made for this purpoſe only: 
one that may be carried i» the pocket, and uſed on horieback. ing 
(which may be called a 02c4/iner) is a ſquare tube, Iz inches in tne 
ide, 8; inches 1-ng, and weighs half a pound. = 
In. taking angles from Burdon hill, in Leicefterfoire, I fav ome very 
diſtant la»; wn juit peeping over (Cronmct) Cank-heath in Stffer cet re. 
Can: eat is 25 miles diſtant from Harden: the land over it could be 
ſeen only by the light of the ſetting ſan almoſt behind it, nor then 
but by the afittance of a a gord teleſcope that magnined 20 times. tiere 
5 then this inſtrument was of great nic to find the part of Cant - heath o- 
ver which the line eule * it. joined the . at Bardon and the ob- 
ject ſeen over the Heath. 2 ſecking this Place it was caſy to fee, en 
J eo har le back, 
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The uſe of the oftant in ſurveying land. 


185. Theſe ſurveys are ſometimes carried on by taking 
angles, ſometimes by meaſurement only. The beſt ſur- 
veyors uſe both methods as a check upon each other. The 1 
octant will take theſe angles more expeditiouſly and wich 
far leſs trouble than a Theodlolite, becauſe that inſtrument 1 
requires ſteadineſs: but then theſe angles will be taken in 
the ſeveral planes in which the objects Tie, and not reduced 
to an horizontal plane as in the Trede. If the ground 1 
be very uneven, this may occaſion errors in plotting the 1 
lordſhip, and conſequently in the meaſurement taken from 
ſuch a plot. The ſeveral elevations and depreſſions might 
indeed be taken, and the angles reduced by calculation to 
the horizontal Plane, but this correction greatly Increaſes | 
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the work. | 
$07. Beſides the forementioned corrections, anceker ma | 
be neceſſary if the objects are very near. For, the octant I 
ſhews on the limb of the angle which a ray, drawn from the h 
reflected object through the center of the index glaſs, makes þ 
with a Ray drawn from the other object through the center 
of the horizon glaſs, or, which is the ſame, "through the 


ſight-vane.“ Now the eye is always placed at the fu ght- 
vane: therefore when the former of thoſe lines inertls 
the latter, juſt at the ſight-vane, then the octant ſhews the 
exact angle which the objects would ſubtend to the cye ſo 
plwaced, were the inſtrument removed. I; the interſection 
of thoſe lines falls elſewhere, there will be 2 difference be- 
e V tween | 


2 2 Oey”! 
>, a kb 2 n 


horſeback, when you approached wa way you rafſed bey . is line. 8 
The place ſought, over which the line paſted, proved to be a part of 
| Cank-heath near Sty/e-Copſe, about half way between Cari and Litch- 
Feld. From this place the object could be pl: unly ſeen. It put on the. 
fame appearance, and was well known in chat country to be the I- 
ten in Shropſhire. 
Barabus is by eſtimation 50 nals Giant from the Nele, which 1 5 
believe is as far as my two objects can be een from each other in Eng- 
| land. Os 3 | 5 
1 Bardon, the Wreken lies to the right of Litch fold; the ang! e be- 


tween them is three degrees, as ncar as it could be guelled trom te field 
of the er, | | | 


„414 BY me 
* : hr 


See the note at the end of par. Qs. No. 1 
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tween the angle ſhewn on the limb and that which the 
objects e to the naked eye. This difference is ſel- 
dom worth conſidering, however the rule for finding the 
correction neceſſary on that account is in the Afronomice! 


© Obſervations, &c. par. 105. That rule relates to fore ob- 


ſervations only; a ſimilar correction ſhould be made in 

back obſervations, the rule for which may be eaſily derived 
from what is there laid down. 

In adjuſting the fore horizon olaſs, if, inſtead of a diſ- 
tant object, you adjuſt it by that object which is to be 

viewed directly, following in other reſpects the directions 


in par. 52; 7 octant will then ſnew, on the limb, the ex- 
act angle which the objects ſubtend at the center of the in- 


dex-glaſs; and that whether they are near or diſtant. This 
indeed is not the angle which thoſe objects would ſubtend 
to the naked eye placed at the ſight-vane ; but it is ſome- 
times uſeful to determine the angle which they ſubtend at 
the center of the index-glaſs. 
Otherwiſe, if you have no mind to dir the ach Fe 5 

« already made by a diſtant object, then find the 2 error 
as directed in par. 54; only uſing, for this purpoſe; that 
object which is to be viewed directly, inſtead of a diſtant 


done. The index error, ſo found, muſt be added to, or | 


5 ſubtracted from, the angle hewn on the limb by the Pr 
in par. 54. This will give the exact angle which the 
two objects ſubtend at the center of the index glaſs as be= 5 
oor. 


The 3 3 the angle ſhewn on the limb ; | 


| (foppoling the horizon-glaſs adj uſted by a diſtant object) 5 | 


and the angle which the objects 3 at the center of the 
: inder glass: depends wholly on the diſtance of the object 
| ſeen by direct viſion. The difference between the former 

angle and that which the objects ſubtend to the naked eye (at 


the ſight-vane) depends on the place of the object ſcen by . 
reflection, that is on its diſlance and the angle ſhewn on the 


limb; not at all on the diſtance of the object ſeen directly. = 
183. When a {urvey is made by meaſurement only, it 
is uſual to mark out a right line near every boundary fence ; 
to this line perpendiculars are let fall from every bend in 
the fence. Such a line i is called a Nation. line, each end of 
it 
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it a fation, at which is placed a ſtation- taff. The perpen- 
diculars are called of-/ets, and are meaſured wich th: 2 
ſeteſtaff. The diſtances of the everal points where the oi7- 
ſers cut the ſtation- line (reckoned from the firſt ſextion) are 
all meaſured with the chain. A line bein then drawn up- 
on paper to repreſent the ſtation- line, the ſeveral perpen- 
diculars are fer off at their proper diſtznces bv a plotting- 
ſcale. Join the extremities of all theſe perpendiculars, and 
you will have a plan of the boundary fimilar to the real 
| . _ And thus a whole Lordſhip may be plotted. | 
fp 189. In thele ſurveys it is uſeful to run a line chrough the 
4 nd of the Lordſhip, and perhaps another acroſs it, and 
then to take off-ſets from thoſe lines to any remarkable 
points, eſpecially in the fence that bounds the whole. arg 
keeps the map of the whole in its juſt form. For, thoug 
the ſeveral inclofures may be ſeparately laid down near c- 
nough to aſcertain the quantity of acres they contain, vet, 
1 ſmall errors be committed in the form of « cach, when the 
whole is ſet together, error will be heaped upon error, a 8 5 
the whole will by no means rei -able che tus ape of the 
Lordſhip. | 
1090. So many off. ſets being aceffiry; a method of ta- 
king them readily is valuable. Nothing can do it more 
exp ediriouſly than this octant. Aiuſt the inumen t and 
ber. the index to 90 degrees; let the ſurveyor walk along 
the ſtation line with the octant | in his hand, alway 3 dire - 
ing the fight to the farther Itation- ſtaff: let bis aTittant 
walk along the boundary line. Then, if the ſurveyor my 
55 would make an off: ſet from a given point in the ations: 
1 line, let him ſtop at that place and Wait til he fees hes af 
HE fittant by reflection in the octant, and che attiftanr is then 
at the point in the boundary through which hat off tet 
paſſes. | On the other hand, if the farvevor would take an 
off. ſet from a given punt or bead in the boundary, let the 
aſſiſtant ſtop at tha place, and let the ſurveyor wall on in 
the ſtation-line till he ſees his aſſiſtant by refleAion in the 
 _oftant, and that will be the point where an olt-let from 5 
the propoſed point or bend will fall. 
191. If you would have theſe points dete ermined TY 
great preciſion, th . upon the plane of the octant, draw 
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a line from the ſight-vane through the middle of the hori- 


zon glaſs: from the center of the index-glaſs draw another 


line, cutting the former at right angles : mark their inter- 


ſection, and drill a ſmall hole through it:“ from this hole 
| ſuſpend a pointed plummet; bring this over the ſtation- 


line, and it will determine the place of the off-ſet to a 


quarter of an inch. The octant in this caſe ſhould be 

placed on the ſtand, deſcribed par. 31; the plumb-line will 
fall clear of the head of the ſtand. If you would make an 
off: ſet from a given point in the ſtation-line, ſet up a ſpiked 


ſtaff in that point; place this hole in the octant on the top 
of the ſpike; then, directing the ſight along the ſtation- 


line, you will ſee by reflection the point in the boundary- 
line where the of-ſet cuts it. In ſome circumſtances it 
may be neceſſary to turn the face of the oftant downwards, 5 
burt this is no inconvenience if you uſe a ſtand. By this 
means you may make off-ſets (that is, erect perpendiculars | 
cao a given line) in a garden, or even in a houſe, with 
ſiufficient exactneſs for the purpoſes of building. 5 
1392. Theſe off: ſet lines are drawn, as we laid, at coke ou 
5 angles to the ſtation- line; but, in ſome caſes, it may be 
neceſſary to draw a line to anſwer the purpoſe of an off-ſet, 
which ſhall make ſome other given angle with the ſtation- 


line: in this caſe you have nothing to do but to ſet the in- 


dex to the propoſed angle, and proceed as before. The 

line on the ſurface of the octant, paſſing through the center 
of the Index-glais, muſt now be drawn fo as to interſet 
the other line (paſſing through the fight-vane and horizon 


glaſs) in the given angle ; 2nd then that interſection will 


determine the angular point through which the hole muſt be 
drilled to a certain the place of the off: ſet as before. 5 
If you find the index: error as directed in par. 54; only 5, 

aſt ing, for this purpoſe, that object which is to be viewed 
directly inſtead of 2 diſtant one, and ſet the index, fo that 
the angle ſhewn on the limb, when corrected for index- 


error, may be the propoſed angle = the 9E-Frz he gs 


lar point will then always fall on the center of the index- 


* by thus means that Point will be variable what- 
1 


A ſmall bar ſhould be le 3 in the pate by the maker, for the fake 


of this hoe. 


— —— — : 
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ever be the angle of the off-ſer, but then the index-error 


muſt be determined over again for every particular off-ſet 


that is to be made. Upon the whole, the method before 


deſcribed ſeems preferable. | 
To take the height of a building by refleion from water. 


19 3. The angle of the elevation of the building may be 
taken by the octant in a way much reſembling that deſcribed 
in par. 155. The water trough muſt ſtand on the ground, 


and the box be ſet over it ſo as not to touch the trough: 


the glaſs planes muſt be ſet to the expected angle, and 
put within the box ſo as to cover the trough: hold now 
the octant in a vertical plane, direct the fight to the image 
in the water, and move the index till you ſee the other 
image reflected by the mirrors: theſe images will be known 
from each other by their poſition; the image reflected 
by the water will be inverted, that by the mirrors erect, 
if you uſe plain ſights; the contrary if you uſe a teleſcope _ 
ns. no edu 
194. Having found both images, bring their extremities 
into contact, making the octant vibrate as before to aſcertain n 
this contact; the index will then ſhew the double elevation 
ct the building above the ſurface of the water, or 
double the angle it makes with the horizon, ſuppoſing 
the eye placed at the point of reflection from the water. 
This angle muſt be corrected for the index-error before 
e cc VVV 


1956. The octant ſhould be held as near the water as 
may be to leſſen another error we are going to conſider : .. 
for, if the object be fo near that the two points of cefleftion 
(that from the water, and that from the index glaſs) 
cannot be conſidered as one, a farther correction will be 
FF neceſſary. Eſtimate the diſtance of the top of the build- 
ing from the water, by an obſervation taken as before: from 
this, and the diſtance between the water and - index-glaſs 
dt the time of obſervation, you muſt compute the angle 
which the two points of reflection ſubtend ar che top of the 
building. It is not difficult to ſee exactly from what part 
of the water the reflection is made; but we will * 
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that regection to be always made from the middle of the 
wat etre ch, and the other from the middle of the index- 
glass. 1 ke then an eſtimate of the angle which the 

nid!!! of the water-trough and the middle of the index- 


glass ſubtend at the tor of the building when the octant is 


in the poſition in which the obſervation was made : add 
this angle to that ſhe vn on the limb (whether by the fore 
or back obfervotion®); correct the whole for index error 


and then halve it: this half is the exact angle which a ray, 
drawn from the top of the building to the point of reflec- 
tion on the water, makes with the ſurface of the water; or 
it is the angle of the elevation of the building above the 
level of the water. ſuppoſing the eye placed at the point of 
 refieGtion or middle of the water-t rough : : if the diſtance of 
this point fror the bottom of the building be known, the 
height of the building above the level of the water ls is eaſily 


fornd by 8 trigonometry. 


* 


POSTSCRIPT. 


of te the err, rs WHY ; ariſe / rom not aulit the index 


„ 85 5 gl. 


158 Tn; Der. 4.4 We have 8 the method of ſerin 
the index «lis perpendicula r to the plane of the ee 


As ſome Wan have no proviſion for doing this, the 


O 


reader may w:th to be informed what errors will ariſe from 
neglecting this ac diuben nent. Now, if the two adjuſtments 
ol the horizon glaſs, deſcribed par. 48 and 51, be pro- 
perly made, then the glaſſes will be parallel to each other 
warn the index ſtands at the beginning of the diviſions; 


* ; the ba ck obſerra ation it is pe Hble for the ray, fins _ the 


Water, do paſ; between the index glaſs and the eye: mading this in- 
run by the hand, w il, in that cale, hide the image in the water, and 
c whether it be ſo or not. Ihis caſe is not probable ; but, if it 


fron! happen, Dien this angle 215 to be ſubrracted from that ſhewn on : 


he liulb. 


WL 8 
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_ both of them deviate (equally) from the — 
o the plane of the octant. 
197. In this cle the index will not ſh; on the limb, 
the double inclination of the feculums; for, their com- 


mon ſection is never perpendicular to the plane of the 


| oftanr, nor to both the ſections of the reflecting planes 


made by the plane of the oftant Therefore the angle 


between theſe laſt- mentioned ſections, equal to half the 


angle ſhewn by the index, is not that meaſure of the in- 
clination of the reflecting planes to each other, which is 


laid down by Euclid in the ſixth definition of the eleventh 
book of the Elements; nor does the index ſhew, as it 8 
the double of their inclination. To correct this, fay, 


radius is to the coſine of deviation, ſo is the ſine of one 


fourch of the angle ſhewn on the limb, to the ſine of one 


fourth of the corrected angle; which! is, . — as 


Tels than thoſe ſhewn on the limb. 


198. But, beſides this, another and greater error will 
a if you lock through a tube or teleſcope whoſe axis is 

parallel to the plane of the octant. All oblervations ſhould 

de made in a plane perpendicular to both the ſpeculums, 
and then the objects may be conſidered (according to Had- 
ley's method, Phil. Tranſ. Nr 420 and 425) as lying! in the 


circumference of a great circle in the heavens, whoſe plane i 18 


perpendicular to the common ſection of the ſpeculums. For 


this end, the teleſcope ſhould be in that plane; but, in the 


caſe we have ſuppoſed, the teleſcope is inclined to that 
plane. Therefore the objects mult here be conſidered (in 
Hadley's way) as lying in a parallel circle, whoſe _— 


from the great circle is the angle which the teleicope mate 
with that plane; or, which is the fame thing, the com- 


| plemedt of that diſtance is equal to the angle which a line, 


drawn through the common ſection of "the ſbeculu 13, 


parallel to the axis of the teleſcope * makes with Lat com- 


£ __ ſection. 


To find this angle, beſides the anole 5 che Fa 5 


4 of the pats. and the angle heren by the index, 


we muſt likewiſe | cow the angle which 2 11 Cy drawn 


through the common ſection of the plane of the of ant and 


no lizon 
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| Horizon glaſs, parallel to the axis of the teleſcope, makes 


with that fe&ion, This will be nearly the complement 
of the angle of incidence on the horizon glaſs, and may 


be ſuppoſed equal to it. From theſe data we may compute 


the diſtance of the parallel of the great circle before men- 
_ tioned, and thence, by (Hadley's fifth corollary). the true 
angle between the objects. : 
200. An example may explain this. Let the angle of 
deviation of the glaſſes from the perpendicular be one de- 
gree; the angle ſhewn by the index on the limb, go de- 


Fgrees; and the third an gle before mentioned, 74 degrees 


and 30 minutes; being De Gn of the angle of : 
incidence given in par. 95. 
5 'D M 8 | 
Then the cated angle, or FRET jnckeativn of the oÿ::;; 
flecting planes to each other, wv — — — — — 89 59 = 5 
The inclination of their common ſection to the plane of the * 


The complement of the diſtance of the parallel from the © 1 


great cirele!——— — — — — —88 Fa 


The To * between the objects — — Ow 89 57 55 


F . the error from the firſt cauſe, par. 1 97, is $2 enn ; 
from the latter, par. 198, one minute and 122 ſeconds ; 
from both * . above two minutes, 5 © 
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II 


ET Nin, and RH. 8 1. ct the 1 5 
of the plane of the figure by the ſurfaces of two 


ſpeculums ſtanding perpendicularly thereon. Let BI be a2 
ray of hight falling on a point Jof the firſt ſpeculum, and 


reflected thence to a point H of the ſecond ſpeculum, and l 


by it into the line HO: then the angle between the inci- 
dent ray, and the ray after two reflections, is double the 


angle between the ſpeculums. _ 
2. Since the incident ray BT is in the plane of the figure, 


the reflected ray will be ſo too;“ and becaule the ray IH 


g is in that plane, fo will alto the reflected ray HO; the 


rays BI and HO therefore being both in the plane of the 
figure, let them (when produced) meet in E, and let the 
two ſections Mu and RHr (produced) meet in &, then will 


Jbl be the inclination of the reflecting planes to each 


other; F but HS is the difference of the angles iR and 


5 HII. T Produce EI backwards to 4, and becauſe by the | 


laws of reflection LR HEIN i =RHA, therefore 22 is : 


dcquble of IHR. In like manner becaule | H/[$=BIN= _ 
SiIEs, therefore HIE is double HIS; but TEF is the dif- 


| ference between LTA and IIIEN, chat is between twice 
IIR and twice HIS, or it is double the difference of the 


3 angles IHR and Ht „ that is double the angle EH. 


* Smith's ; Optics, Art. E, + Def. 6, and Prop. 19. Er, xI. 

: as FE -h f Smith's Optics, Art. 9. neon he i El. I. 
4 Def. C. Fen 19. EL W. 

i Jo This 
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This demonſtration is general, but the figure repre- 
ſents the difpoſition of the glaſſes and courſe of the rays 
in the fore vation, It may be more convincing, 2nd 
help us to clearer notions, to ſee it particularly applied * 
the back obſervation Fig. 2, then repreſents the diſpo- 
fition of the glaſſes and courſe of the rays in the back oh- 
ſervation. in this let the two ſections Vn and Rr, as 
before meet in S. Produce M to T, and [ST is the in- 
_ clination of the reflecting planes to each other. Let BI 
the incident ray, and HO the ray after two reflections, 
(hen preduced,) meet in E; and produce ONE to A, fo : 
that IE. may be the obtuſe angle which theſe rays make 


with each other. Then is IEA the ſum of IHE and HEC, I 
the former of which (by the laws of reflection) is double of | 
Illic, and the latter double of HIS. Therefore IEA is 

3 * the ſum of 1HS and HI; that is double of 157.5 Ft. 


8 Let SH and SI. fig. 3, repreſent the ſections of the 
5 plane of the figure by the ſurfaces of two ſpeculums ſtand- 
ing perpendicularly radon Let theſe ſections meet in 
S, and II will be the inclination of the reflecting planes 
and & the point where their common ſe&ion paſſes the 
plane or the figure, to which it is alſo perpendicular. Let 2 
| be an object placed between the ſpeculums, and in the 
plane of the figure. Several repreſentations of that object 
will be formed by the ſucceſſive reffections of theſe ſpecu- 


lums; all which will lie in a plane paſſing through the 
object, and perpendicular to both the reflecting planes * 
that is in the plane of the figure as was before ſhewn, par. 


_ 2.4. But theſe repreſentations or images of the object 2 
will alſo lie in the circumference of a circle drawn on that 
plane, whoſe center is &, and radius $2 the perpendicular 

_ diſtance of the object from the common ſection of the two 

ſpeculums. 

S8. Draw DT perpendicular to the be SH, produce 

to A, fo that T. 1 1 , and Q being conſidered as the 


focus of rays incident on SH, A will be the focus of re- 


="; SEC Prop. 19. EL 1 + 32 El. I. | 
_ 1 Smith's 5 Optics, Art. 9, &C. as before. |} Det. 6. and Prop. | 
19 EI. XI. 4 Serith's un Art. 7 cee. 
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flected rays*, or place of the image after one reflection 


from Hf. But the right angled triangles DTS and AT 


having the ſides T1 and T2 I equal, and $7 common, will 
have their hypothenuſes $5 and SA equalj. Thereſore 
the circle deſcribed with the center S, and radius $2 will 


paſs through 4. — Moreover the arch HA is equal to 9. 


6. For "the like reaſon if @ be the image mule by one 


reflection from the other ſpeculum SL, it will lie in the 
circumference of th's circle paſling through 2; and che 
arch Ia is equal to I 


7. The image am F be conſidered as an object in reſoes 


of the ſpeculum SHi. Take therefore the arch 1B = Ea. 
and B will be the! ineg⸗ of that image, or the image ſcen 
in the ſpeculum SH by rwo reflections ; ; firſt fro n ve and h 
then from SH. 
8. The image A may in like manner he con! adered as an 
object in reſpect of the ſpeculum SIT. Take the arch Thaw 
II, and 6 is the other image made by two reflections and 
£ keen 1 in the ſpeculum SZ. 
9. Again take HC = Hs, and C will be the | image ſeen 
in dhe ſpeculum SH after che reflections; firſt t& om A. 5 
then from SI, and then from M again. 5 
10. Take I= IB, and c 1s > the other 1 image ſeen (in Dl 
after three reflections. St 
1. Again take //D= Il, and Di 15 the image been in 85 1 : 
after four reflections. _ - 
Take 14 = Ic, and d f is the other image Gin after : four 
reflections. = 
12. Again take HE = La, 5 E 18 the | image fag in 


SH after five reflections; and * on. 


13. G. 1. Since 9 =2la, ad Bo == 2H, ſub trag 
the former from the latter, and there remains QB=2 x 85 
Ha— E= 2LTII. Again, Be ale and De alle; 144 
the former from the latter, and there re nains 2K 


2 Hc -I =, and ſo on. Make therefo the arches 
2B, bD, DF. &c. each equal to 2711; and B, D, F, &c. 


0 Smith's Optics, Art. 202. + Ibid. Art. 25. 8 4 El. bh 
Il Smith's Optics, Art. 111. 4 Fd £4 Swi; h's Optics, 


Art. 111. 
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will be the ſucceſſive images of the Object 2D FI an even 
number of refetions. | 
14. In like manner take 93, bd, af, each equal to 2/17; 


and &, d, f, &c. will be the place of the images ſeen in 


the other 1 cculum after an even number of reflections. _ 
| Cav. 2 2. The diſtances of each of the images B, D, 


1. 
F &c. or of 6, d, f, &c. from the Object Q, meafured 
3 the arch of the circle; is equal to arch Hi multiplied | 


by the number of reflections. 


16. Cor. 3. Again, ſince AH. and HC=Hb, take 


the former from the latter, and there remains AC = OY = 


2 HI*. Therefore if Q be taken equal to 22H, and the 
teveral arches AC, CE, &c. each equal to 2H; then A, 


C, E, &c. will be the place of the images teen in S H after 
an odd nuiiber of reflections. 
17. In like manner take 22 = 2 27 and then the ſeveral 


arches ac, ce, &c each equal to 2 Hl, and a, c, e, will be 


the place of the images ſcen in the other . after an 
odd number of reflections. 
18. Cor. 4. The diſtance of the firſt image from the 
object, or QA, is equal to 2 .: that of the third image 
cr C (HAC) is eq val to 29114 2HI, that of the 
1 image (or A+ AE) 1 1s 29H + all, &c. the diſtance 
of each Mage from the obje&t 9 2A, meaſured along the 
arch of the circle, being equal to ) the arch HI multiplied _ 
by the number of refletions, ſave one, and increaſed by 
twice O the diſtance of the object from the ſpeculum, — 
5 The ſame is true of a, c, e, &c. the images ſcen 
in the other ſpeculum after an odd number of reflecktons. 


20. Cor. 5. If the two ſpeculums, keeping their incli- 


nation to each other, be turned round their common ſec- 
tion as an axis; the images B, D, F, &c. formed by an 
even number of re fle ctions will be immoveable; e 
the imercepted arch H 1s not altered: but the aiternate 
_ images 4, C, E, &c. ſormed by an odd number of re- 
beckions, will change their places by double the change 
i the arch ON, or double the angular motion of the 3 
ſpeculums. 


Par. 14. 
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21. Cor. 6. Hence (in fig. 1) with the center $ and radius 
$3 deicribe a circle cutting in A, the laſt reflected ray HO 


produced backwards; and A will be the place of the image 


of the object B after both reflections. For all the images 


of this object lie in the circumſerence of that circle“, and 
the lait image muſt lie in the direction of the laſt reflected 
ray f; therefore it is in A, their common interſection. 


22. Let an object be placed at C in the reflected ray OH 


produced, ſo as to be ſcen by direct viſion through the 


culums be turned together round their common interſec- 


tion as an axist ; and therefore will ſem always to ad- 
here to the object C. 

23. Lit the eye be placed at E, t t interſeckion of the 
Incident ray with the ray after two reflections; then BEA, 
or BEC, the angle which theſe two rays make with each 
other, is allo the angle which the object B makes with its 
image A: it is alſo the angle which the two objects B and 
C ſubtend to the naked eye at E. 1 his angle BE 4 has | decn 


ſhewn to be qual to twice ISHi.. 
24. If the eye be placed any where elſe in 11 2 out 


as at O, the doubly reflected image 4 an the object C 
will {till appear to coincide as before : but the angle which 


the objects B and C ſubtend to the naked eye is now BOC, . 


gering from BEA by the angle EBO, or 2 1505. 


: ſpeculum I along with the reflected image A. - The i mage 
A will continue unmoveable notwithſlanding the two ſpe- 


[7 Let now the ſpeculun Nu be turned about the | 


lums. 
par. and follow ing. = Sint 2 Opti ics 3 101. 102. 
EI. I. „ 1 - A 


K 2 . The 


point Z, to that the doubly reflected image of the object C 
(placed in the line 7/0 produced) may be made to coincide 
with that object itſelf ſeen directly by the eye at O; then 
is the angle 107 double of SH, the angle between the ſpe- 
culums. For in this caſe the incident ray is C /, and the ” 
ray after two reflections is HO, which produced back wards. 
paſſes through C by the ſuppoſition of the coincidence 
aforeſaid. Therefore the interſections of theſe tio rays 3 
at C the object itſelf, and conſequently ICI, the angle of 
their interſcction, is ; double of 1S HH the aug le of the ſbecu- 


v4 


2 93 
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26. The interſection, before marked E, in this caſe re- 
moves to C on the other fide of H; and S the point of 
| e of the two ſect ois Nu and Rtr, falls on the 

ther ſide of the line II.“ 

27. If the object C be removed to fuch a A that 
the angle ICH vaniſhes, the angle ITI will allo vaniſh, and 
and the ſpeculums become parallel to each other. 


® AG confider the motion of the points E dud S. more © ay. : 
imagine the ſpeculum Nin to turn round the point J, while the other 
ſpeculum Rr, and likewiſe the potition of the ray 2390s remains 85 ; 
fixed. 
And firft let the e NIn turn fo that the point $ may conti- 
nually recede from H. Then the point E will conti ually recede from 
H towards © When the two ſpeculums become parallel, the point & 
and likewiſe the point E will go off in : nitum, as is evident, becauſe 
BEA is tu ice ISH; therefore when the latter vaniihes, ſo dues the 
_ former. In this caſe the incident ray and ray after two reflections are 


ST parallel. 


Continue the motion | of the fpecutum Ni, and the ſeQions NI: ad 1 


RH will now meet on the other fide, in SH continued. The inter- 
ſection of the incident ray and ray after two reflections will now allo 


remove to the other fide, in OH continued. This wiil appear, if in- 
ſtead of conſide ring HO as the ray after two r eflections, we conſider it 


as the incident ray, and therefore as a ray given in poſition and inci- 
dent on the ſecond ſpeculum NI; IC will. then be the ray after two 
5 reſſections by Smiths Optics, Art. „ | ; 
| Contiaue the motion of the ſpeculum Via, a the point of "TW Wh 
on of theſe tao rays will continue its motion from 4 towards H, and 

paſling the point H will recede beyond O in infiritum. Thus theſe two 
frays will ag in be parallel. This happens when che ſpeculum NIn 
makes a right angle with the ſpeculom RHr. 5 

Continue this motion, and the interſeQion of the i ray and 
ray after two reflections will a fecon1 time remove to the other ſide, 
in Off continued. When the {a e of the ſpeculum cc mes into the di- 
rection IAH, the interie tien of thote two rays will then be in H. Aſter 


- this the ba k of the ſpeculum will be turacd towards R7/r for an intire 
_ ſemi-revolution, till the face again comes into the direct'on IH, and 


ds two rays afer. {aid again i»teriet in H; the ſpeculums then ma- 
| * an acute angle the — way as at firſt. os | 
I 


the motion of the ſpeculums be Kill. a the imerſefion 5 


of the two rays at E will recede from H tow ards 0 is + inf uitum, uli the - ; 


5 K are parallel as before. 

The incident ray and ray after two reflections are twice parallel in 
one ſemi- revolution c the ſpe ulum NIV; wiz. when the two Fern- 
lums are par el, and alin when they are perpendicular to each (ther. 


In the other ſemi- revo ution, the back of the ſpeculum Nin 15 turned 


The 


| e che ccher L Nr. 
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The incident ray Cl, and the ray after two reflections 
HO, in this caſe are alſo parallel, their interſection C being 
removed to an infinite diſtance. 

28. Hebelium. If when the index ſtands at the begin- 


ning of the diviſions, the two ſpeculums are put into a 
parallel poſition, by turning one of them about till the re- 


| fleted image of ſome diſtant object C coincides with that 


object ſeen directly, the inſtrument is then ſaid to be ad- | 


Jujted, The inſtrumeut being thus adjuſted and the ſpe- 


culums fixed, the index will always — the double in- 


clination of the ſpeculums, either on the quadrantal arch, 
or arch of exceſs, according as the point $ falls on one 


fide or the other of the perpendicular _ fall from I on 
RP produced. 


If, when the ſpeculums are put into a parallel poſition 
as before, the index points to any number of degrees or 
minutes on the quadrantal arch (inſtead of o) then it will 


always give the double inclination too much on the quad- 


rantal arch, and equally too little on the arch of exceſs, by 
the number of degrees and minutes to which the index thus 5 


. points, and contrariwiſe. 


29. The angle BIC, which any two objects B and c 
ſubtend at I the center of the index glaſs, is * to the - 


lum of the two angles BEC and ICE. 
30. Scholium 2, The quadrant being a hjuſted as . 


by a diſtant object, the ſormer of thele angles BEC will 
be ſhewn on the quadrantal arch when the reflected image 
of B coincides with C ſeen directly. The latter of theſe ; 
angles ICE will be ſhewn on the arch of exceſs, when 
the reflected image of C coincides with that object itſelf 
ſeen directly. Or the ſum of theſe two angles will be 


| ſhewn ar once on the quadrantal arch, i, when the object 


C and its image coincide, the index be made to point at 
the beginning of the diviſions; and then be carried for- 
Ward till the reflected image of B coincides win 0 teen LE 


Ay. 
. FR figure 4. let 7 TH the index-glaS, 1 pa- 


rallel to I the ture-norizon gab; let R de the back hori- : 


* 32 El. I. 


e > I Ho 
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20n glaſs, ſtanding at right angles to H and I. Draw p 
and PR perpendiculars to I and R meeting each other in 
P. Let . be perpendicular to H. Let BI be the ray 
incident on J, and reflected from thence into I, from 
_ thence into HO. the axis of viſion for the fore horizon 


glaſs. Let IR be the ray reflected from the index-glaſs | 


to the back horizon- olaſs, and from thence into RY the 
axis of viſion for that elaſs. Then by the laws of reflec- 
tion PII PIB.“ Moreover PI IH Therefore 


tte angle which the line, joining the centers of the inden. 


glaſs and fore horizen-glaſs, makes with a perpendicular * 
to the index-glaſs, when the index ſtands at the beginning 


of the div: ions, is equal to the angle of incidence on the 
index-glaſs in that poſition; and this is the conſtant angle 
Of incidence on the fore horri :zon-glals. 5 
32. That PIR PH HIR 1s ſelf- evident, Aber | 
de * poſition of the perpendicular PI. But PII is the 
angle of reflection from the index-glaſs to the fore horizon- 
: claſs, and PIR the angle of reflection to the back horizon- 
glas, which are equal to their reſpective angles of inci- 
| dence. Therefore the angle of incidence on the index- 
glaſs in the back obfervation, exceeds the angle of inci- 
. dence i in the fore obſervation (the perpendicular PI ftand- 
ing in the ſame place) by the angle HR which the centers 


of the two leſs mirrors ſubtend at the center of the great 


e. 


33. When I _ a are r PIH is equal to Ing, - 


and IpR is a right angle. Therefore PRI is the comple- | 
ment of PIR, or of PIH + HIR, that is of IH9 HR. 
Therefore the angle of incidence on the back horizon- | 
_ glaſs, is conſtantly the complement to 90 degrees of the | 


ſum of the angle of incidence on the fore horizon glaſs, 
and the angle which the centers of the two les mirrors 


ſubtend at the center of the great one. 1 
34. Let RN repreſent the ſurface of the back 1 


glass, KY the ray reflected from it or the axis of viſion, : 


EE? and produce N to M. Let Ol be the axis of viſion for 


the fore obſcrvation. Produce OH till it meets RY 1 in 2, 


8 Smi 15's Optica, Art. III + 29 El. I. 


* 
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and let OH meet IR in Z. Then the angle RYZ, which 
the two axes of viſion make with each other, is the diffe- 
rence of Z RM and TZR.“ Now the former of theſe 
ZRM=2xZRNF} =2 x PIRT =2x PIH I 2+TIIZ. The 
latter of thoſe angles or TZ RSH + HIZ* = BIH « HIZE 
S PHIL. Subtra& the latter from the former, 
and we have their difference, or RV equal to HZ, or 

HIR. Therefore the angle which the two axes of viſion 
(tor the fore and back obſervation) make with each other 
is equal to that which the two leſs murrors ſubtend at the : 
1 | Center of the great one. 


35. To ſhew the correction neceſſary to be addr in 

a_ the height of a building by reflection from water, 
let figure 5 repreſent the poſit ion of the octant when the 
fore obſervation is uſed ; figures 6 and 7 the poſition of 
the octant in the back obſervation. In theſe figures let 

LR be the ſurface of the water. BL the building, AL us 

reflected image ſeen in the water. R the point of reflec-. 
tion from the water. I the point of reflection from the 
NS index- glaſs. H the point of reflection from the horizon= |} 
. glaſs, through which the extremity of the 1 image A is ſeen 
min the water. O the place of the eye. E the interſection 5 
ol the ray (from B the top of the building) incident on 2 
the index-glaſs with that ray after two reflections. S the 5 
point where the ſections of the ſpeculums by the plane of —_ 
the octant meet each other; and continue HS to TJ in 
figures 6 and 7. Then is AEB the angle ſhewn on the D 1 
umb, being double of I in figure 5, and double of :-4 
I in figure 6 and 7, and BRL is the angle of the ele- 
= vation of the building above the level of the water, fup- -- 
| 5 poſing the eye placed at R the point of reflection. | Now e 
2A BRAfF=AEB EPR in figures 5 and 6, and | 

equal to AEB—E BK in Figure 7“; that is 2x RL. 75 5 

＋ BR in figures 5 and 6. and equal to AE -I in 
figure 7. Eſtimate theref re the angle Ble, hich | the 1 
middle of the index-glaſs, and the — of reflection een 
the water, makes at che top of tiie building: add this to 
L | 80 Angle ſhewn on the limb in che fore obſer 92 tion; add 
| ES 3 II. I. 8 Sul ti. 's Optics. Art. 3 5 4 29 Kl. ＋. | | 
He ©, 4 4 ; RE „ 55 
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or ſubtract it in the back obſervation, according as the ray 
incident on the water paſſes without or within the index- 


glaſs; and the ſum or difference gives the angle BRA ; 


þ half of which is the true angle of elevation. 


36. To find the errors occaſioned by a given deviation 


ol the reſlecting planes from their perpendicular poſition. 
It may be convenient to conſider the planes in queſtion | 
as the planes of ſeveral great circles of a ſphere; and the 
point in which the two reflecting planes, and plane of the 
Octant all concur, as the center of that ſphere. Their mu- 


tual inclinations may then be found by the common rules | 
5 of ſpherical trigonometry. 


37. In figure $ let C be the center of the ſphere, where 


the three planes before mentioned all meet. Let the plane 
of the great circle TNE7 repretent the plane of the octant. 
Let the plane of the great circle VCP repreſent the plane 


of the index-glaſs; and the plane of the great circle HCP, 


the plane of the horizon-glaſs. Then is MC and HC the 
interſections of the two reflecting planes with the plane of 
the octant, and PC their common interſection with each 
other. Moreover the ſpherical angles P.NT and PAN are 


the inclinations of the reſlecting Planes to the plane of 


the octant which we here ſuppoſe” equal; the ſpherical 
angle NPH is their inclination to each other. The arch _ 
MV meaſures the angle ler which the two ſections =. 
the reflecting planes by the plane of the octant, make with _ 
each other ; and which is half the angle ſhewn by the | 
index on the linb. With the pole P deſcribe a great 
circle LDEF, cutting the circle PND at right angles 1 in 
D; the circle PFH at right angles in 7, and the circle | 
 TNEHT obliquely in E; CE being the interſection of the 
plwGane of the oblique c: irele LDEF with the plane of the 
circle TNEH. Through P and E draw a great circle; 
this will meet the circle ZDEF at right angles in E; and 
__ the planeof this circle will paſs through both PC, the com- 
mon interſection of the reflecting planes, and alſo through _ 
CE the interſection of the plane of the oblique circle 
 LDET u. tu the plane of the circle TNEH; the plane 
of this circle is ſeen edgewiſe in the figure. The 
ſpherical angle PEN which this Circle makes with the 
circle TAE "wil be the Incluation ot PC the common in- 
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terſetion of the reflacting planes to the plane of the _ 
circle TNEH, that is the plage of the octant, and NED 
will be the complement of this angle, Latily, let the ra- 
dius TC, lying bn the plane of che great cir. le TN&HR, te- 
preſent a line Crawn on the plane of the «tant parallel 
to the axis of the tel ſcope paſſing boch through C77 the 
common ſection of the plane of the octant and hurizon- 
glaſs, and through PC the common ſection of ti reflet- 
ing planes. Throu 2h P and T draw the great circle PIC, 
meeting the circle TNE obliquely in T, but the eirele 

I DEF at right angles in L; then will 70% be the (ob- 

tuſe angle which the line TC makes with the ſection CAI. 5 
The ar h PT is the mea'u; e of PCI, the angle which che 

line TC makes with PO, the common ſection of the reflect 

ing planes; the arch 71 is the compleme:t of the arch 

N, or it is the difPance of the parallel circle from the 
great circle, mentioned by Hadley in his fif h corollary; 

that great circle being here repreſented by LDETY L. 
238. Fig. 9. repreſents the ſtereos: aphic projection = 
theſe ſeveral circl-s on the planc ef th» circle TNEH in 
figure 8, that is, on the plane of the octant; the dutted 
lines cr, CN, CH, repreſcent the ſeveral radii C/, CN, 
He lying i in the pline of the circle TNEH. The ſeveral. 
circles of the ſphere before mentioned are all rep. e ſented 
dy circles in figure 9, ceorchag. 10 the laws of the ſterco- 

955 grophic rte as 5 
„ chings laid down, becauſe the [4 landes angles 9 
PM and PIIN are by ſuppoſition equal, the arches EN. 

and EH, likew ſe ED and EF, are tetpectively equal: 
whence EN is equal o f N77, therefore EN 1s the mea- 
ſure of + of he anale thewn by the index on the limb, 
> arch ED Sg. F, therefore ED is the meaſure of haf 
the ſpherical angle NPH, or of half the true inclination = 
of the refleQting, planes to eech other, or it is the mraſure 

of ; of the tied angle. Now ia the right auld 
ſpher cal criangle NDE we have the hypotbenute EN, and 
tne ongle END=PNT, to find the baſe ED. I herefore 
28 radius is to hne END 0 coſine ot deviation irom 1 
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. See Philoſ. Tran, Nr. 420. 1 5 . | | 
hoes hen ens perpendicular; 
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perpendicular 3 ſo is fine EN to fine ED, which multiplied 
by 4 gives the corrected angle. - 
40. Next to find the inclingtion of PC the common 
| ſetion of the reflecting planes to the plane of the octant, 
or to find NED the complement of that angle. In the 
right-angled triangle NDE we have the hypothenuſe EN 
and the angle END as before, to find the other angle 
NED. Therefore as radius is to the tangent END, ſo is 
coſine EN to cotangent NED, or the tangent of the in- 
clination of the common ſection of the reflecting planes Wn 
the pline of the oftant, 
441. Next to find PCT the angle which a line drawn on 
” the plane of the octant, parallel to the axis of the teleſcope 
and paſſing through the common ſection of the reflefting 
planes, makes with that common ſection; or rather to 
find TL the arch which meaſ res the complement of that 
angle. Firſt, we have ETSTH—HE=TH—EN,. Then 
„ right-angled ipherical triangle TLE we have the 
| hopotnenuſe ET, the angle TELZNED (juſt found) to 
find the perpendicular TL. Therefore às radius is to fine 
Ex, ſo is ſine TEL to fine TL, or diſtance of the parallel \ 
from the great circle ia Hadley's fifth corollary. DT 
42. Laſtly, by that corollary, as radius is to the fine 1} 
complement of that diſtance, ſo is the chord of double 
the true inclination of the reflecting planes, or chord of 
the corrected angle, to the chord of the true angle be- 
teen the obſerreu objects: that is, radius is to the fine 
complement of the diſtance aforeſaid, as the fine of half 
the corrected ang'e to the (ine of half the true angle between 7 
OD the objects; ; the « double of which is the angle required. = 
Otherwile having obtained the corrected angle and the . 
. diſtance of the patailel from the great circle, ſay, as radius 
zs to the tarpent of half the corrected angle, lo is couble 8 
tbe verſed fine of that diſtance“, to the fine of an angle 
which, being ubtracted from the corrected angle, gives ine 
true angle berween the objects. This nile follows im- 
E medi ately from that given by Had: ey in the latter ** of 
LE his fifth cotollary. ns 
| | »Double the verſed ane of any ; arch is a this proportional to the 
= radius and chard of hat arch. | 


mirror whoſe two ſurfaces are parallel. 


perpendicular to both ſurfaces, cutting the firſt ſurface in 


of incidence. 


444. Produce TEto M, fo that EM. may be the emer= 
gent ray: through D draw the perpendicular DH, and | 
through E and C the perpendiculars be and dc. Produce 
2 till it meets TE in F, and through F draw FG perpen- 
dicular to . Now dCD=CDHF=HDES=DEFF but 
Do and DE may be conſidered as 1ays incident on AL; 
and, becauſe the angles of incidence C and DEb are 
_ equal, therefore their angles of tefraction c 2 and eEM 
axe equal; but Ct, and eEM=GTF, therefore | 
the triangle I is iſoceles, and QU=GT, Now AT= 
CA and AA O -A = —AG ; whence 
or T/=GT+AG—GTi—Au=:XAG. Now _ 
triangles CFA and Cd, as alſo CDH and CRA, are re- 
ſpectwely fimilar: hence HF is to A, alſo HD to AR, 
=: CH to CA; therefore = is to HD : as —— Ael; 3 that 
5 , 


- Smith's Optics, Art. 223. 4 Ibid. Art. 202. 1 29 fl. 1 


J Smith's Optic's, Art. 8. 4 Ibid. Art. 11, l 11 and * kt v. 5 
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43. Of the effect of the refrations of the rays in a glaſs | 


| Let AE and BN, in figure 10, be the two parallel ſurfaces 
of a glaſs mirror; 2 the focus of incident rays; Q a ray 
incident on the firſt ſurface at C: through © draw QABS 


A. the ſecond in B, produce 42 backwards to R, ſo that 
AR may be to AY as the line of incidence to the fine of re- 
fraction, or as m to x, and R will be the focus after refrac- 
tion at C*: draw CD the retracted ray mectiog the ſecond 
ſurface in D: in the perpendicular RS, take BS equal to 
BER, and S will be the focus of rays reflected from the ſe- 
| cond ſurface at DF: drew DE the reflected ray meeting the 
firſt ſurface in E: rake AT to AS. as u to m, and T will be 
the focus of emergent rays after their laſt refraction at E*, 
| that is, T will be the place of the laſt image formed by two 
| _retractions and one reflection: take AY, equal to AQ, and 
Will be the place of the image formed by the reflection of 
the firſt ſurface only, and TV will be the diſtance between 
theſe two images: Liay that TY will be to AB, the thick - 
nes of the glaſs, as twice the line of refraction to the fine 
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1 TnTOR v OF 
is, AGisto AB 13 AD to AR, or as n tom; conſequently 5 


2 1G or Vis to AB as 2 to m. 


45. Cor. 1. If be to n as 3 to 2, then TV=34B, and 
AG = AB, and EG=; AB. 


44356. Cor. 2, The laſt emergent ray proceeds exattly as 
if the re flect ion had been made without refraftion, by a 


og plane FG parallel to BN the back ſurface, and diſtant from 


it 3 of the thickneſs of the glats. : 
457. Schilium. The index-glaſs ſhould be ſo fixed on the 
index, that the center on which the index turns may paſs 
through the line FG; that is, be diſtant from the back 
ſorface + of the thickneſs of the glaſs, and be within it. 
43838. We ſhall here juſt mention the conſequences that 
| would follow from ſuppoſing the two ſurfaces of each glaſs 
mirror inclined to one another in a given angle; and we will 


conſider, fire t, the effect of the ane of the index - 
: Blais only. 


49 When the re is no iis, or when the two ſur- 


faces of the index-glaſs are parallel, then the laſt image is : 


removed from the object by twice the inclination of the ” 


5 reflecting ſurfaces of the two ſpeculums, as we have hen 
before. But, if the outer ſurface of the index-glaſs is in- 
celined to the inner ſurface, the place of that image will 


then be changed by the refractions at the outer ſurface of 
the index-glaſs. "The laſt image will, in this caſe, be form- 
ed by two retiactions and one reflection at the index-glaſs: 
and 1ts angular diſtance from the object will be increaſed, = 
it the ref acting angle of the index-glals be turned the ſame 


way with the angle which the ſpeculums make with each 
bother; and decreaſed if the refracting angle be turned the 
cContrary way. This angular change in the place of the laſt 


image on acccudt of refractions we will call the angie of de- - 


viation. * 
8. "Mew: © was the ok of denies PER the fame 4 


in every poſicion of the index-glaſs, the refractions then 


| would occafion no error in the obierved angle. For in this 
eceeeeaſr the image, formed boch by refraction and reflection, 


kecping ont con int diſtance from that which would be 
formed by reflection only, will have the ſame angular mo» 


3 tion, via. double chat of the Index-gials. Therefore if 


any 
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any diſtant object and its laſt image, thus formed, be made 
to coincide when che index ſtands at the beginniog of the 
diviſions, the index will then always thew ihe ange lar diſ- 
tance of this laſt image from the object. ad, coniequently, 
the angular diſtance of any other object, which is ſeen a- 
long with that laſt image; Juſt as when. chere ing refrac- 
tion. All the difference will be, that the reffectiug ſurface 
of the index-glaſs will not ſtand exaRtly parallel to the ho- 


rizon-glaſs when the object and it's image are made to co- 
incide, in order to adj tt the inſttument. 


51. When the rays fall ſo nearly —— on the 
index-plaſs, that the angles of incidence and refraction may 


be accounted to have the given ratio of their ſines; then the 5 
angle of deviation is to the angle of inclination of the two 
ſutfaces of the index-glaſs, as double the difference between 
the ſines of incidence and refraction is to the leſs of thoſe 
ſines. Hence the angle of deviation is nearly equal to the 5 
angle of the inclination of thole ſurtaces.* 
52. But, as thoſe angles are not accurately as their fines, 5 
; fo the angle of deviation is not exactly what that rule gives 
it; nor the ſame in all poſitions of the index-glafs.F Ir is 


always greater than what the rule gives; but it is leaſt of 


all when the ray within the glaſs falls perpendicularly on 
the reflecting ſurface, lo that the firſt incident and laſt e- 


. mergent rays coincide. This will be the caſe when the in- 


dex is in ſuch a poſition, that the borizon-glaſs may be ſeen by 
it's own reflection. The incident ray in this caſe fails ob- 
 liquely on the outer {urface of the index-glaſs, and on that 
| fide of it's perpendicular which is contrary to the refract- 
ng — We ſhall call this —— uhe voy of — e- 


53. 7 


= 0th as e Philoſophical Shins. for 1772, vol. ul, page 14, ” 
2 different rule is given for finding the deviation: But, by deviation id 


there meant a different thing, namely, the difference in the placc of 1 


the image, when formed by two refractions and o e reflection, as be- 
fore; and the image by one reflection, not at the back or ſilvered ſur- 

face, as ſuppoſed. in par. 49, but at the fore or unſilyered furface. 
I For this reaſon it is. propoſed, in the Philoiophical Tranfaftions 
aforeſaid, that, in obſervations of the ſun or moon, the reflection 


mould be made from the fore n, ouly ; 3 the back ſurface brig Lo 
| made _ and black. 
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53. The poſition of the index, when the deviation is 
leaſt, being determined as before, the deviation will con- 
tinually increaſe, as the diſtance of the index from this 
poſition increaſes on either fide. If equal angular diſtances 
of the index from this poſition be taken on contrary ſides, 
the angles of deviation in theſe two poſitions of the index 
will be nearly equal to each other, but not exactly fo. 
That poſition of the index, in which the ray incident on 
the outer ſurtace falls on the ſame fide of the ray of leaſt 
deviation with the perpendicular to that ſurtace, will have 


the greateſt angle of deviation. 


84. All thele conſequences follow from the common : 
properties of the priſm, and need not be here particularly 
demonſtrated. It a priſm, whoſe refrafting angle is about 


| ten degrees, be properly placed before an index glaſs whoſe 


ſurfaces are parallel, all theſe conſequences may be ſhewn 
, 
55. We have hitherto taken no notice of the refractions 
of the horizon glaſs: it is becauſe theſe refractions can 
never affect the obſer ved angle; for, as the horizon glaſs 


E is fixed, the rays always fall upon it with the ſame degree ; 


of obliquity. Hence the change in the place of the image, 


on account of the refractions of this glaſs, is conſtantly the 


tame. The refractions of this glaſs may change a little 

the poſition of the axis of viſion, but cannot alter the ob- 
ſerved angle; not though the upper part of this glaſs be 

cut off, ſo that the object to be teen by direct viſion may 

de unrefracted, while the refractions affect the other ob- 

| Et, Ms ject. 
Alt may be neceſſary to meaſure practically the angle of the priſm. 
The following method is a very accurate one. Place the priſm in a 


vertical poſition. Then, ſtanding before the angle to be meaſured, 


place two candles or other proper objects, ſo that the image of one 


= may be ſeen by reflection from one of the fides, and the image of the 


other be ſeen by reflection from the other of the two fides that orm the = 


 refraQting angle. Move theſe two objects till their reflected images 
_ coincide. Meaſure then the diſtances of theſe objects from each other 
and from the angle of the priſm ; from theſe diſtances compute the angle 

which the two objects ſubtend at the priſm: half this is the angle 

ſought. It may be neceſſary to cover the back of the priſm, that the 


light refrafted through the other two angles may not mix with that _ 


reflected from the ſides. „ 5 | 7 
+ The angle of deviation from refraction only 1s half that cauſed _ 
by refraction and reflection together, as before. 


4 
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ject. This will only alter the poſition of the glaſſes in 


the adjuſtment, as before. In like manner, if the ſurfaces 
of the dark glaſſes be not parallel, their retractions will not 


affect the obſervatios, provided the inſtrument be ad- 
juſted by the ſun, or ſome object whoſe reflected image is 
ſcen through them. 5 
36. If the inclination of the two ſurfaces of any of the ; 
glaſſes be conſiderable, the object will appear coloured, or 
at leaſt indiſtin&; and, if the inſtrument be turned about, 
lin its own plane,) the place of the reflected image will 
now be changed; becauſe the angle of incidence, and there- 
fore the effect of the reffactioas upon that image, will be 
changed. The mulriplicity of the images may alſo create 
_ confuſion. Upon theſe accounts thoſe ſurfaces ought to 
be made parallel : but, if this was not the caſe, we may 
ſee that it is impoſſible to remedy perfectly the other errors 
from refraction, 1 what has been faid * ſome 
. . of 2 — learning. 0 


e see the Ancrices T lee 7 | Vol. 1 printed at  Philadapbia, - 
3771, . Fu: As = 5 
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